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CLINICAL AND EXPERIMENTAL 


STUDIES ON THE EXCRETION OF CHLORIDE BY MAN WITH AND 
WITHOUT CONGESTIVE HEART FAILURE, USING LONG-LIFE 
RADIOCHLORIDE, CL*° 


C. T. Ray, M.D., S. A. Tureeroot, M.D., anp G. E. Burcu, M.D. 
NEw ORLEANS, La. 


pane in which the long-life radiochloride, Cl**, was employed to in- 
vestigate the biologic decay rates of chloride in man with and without 
congestive heart failure’ were designed to take advantage of the long-life tracer 
to make it possible to investigate aspects of the excretion of chloride not amenable 
to investigation with the short-life isotope, Cl’. Among the problems which 
needed clarification and which were approached in these experiments was 
definition of the time course of excretion of a single dose of radiochloride by 
essentially normal man and those suffering from a disease known to alter chloride 
excretion. This is important for a better understanding not only of electrolyte 
metabolism but also of the problems of injury consequent to internal exposure to 
radiochloride. Data are presented which indicate the influence of various 
factors upon the rate of excretion. 

Analysis of the data includes correlation of the excretion and clearance 
rates for Cl°*, Cl*5, sodium, potassium, and water over long periods of time for 
the normal physiologic state; variations in dietary intake of certain electrolytes ; 
variations in the state of congestive heart failure; and therapeutic procedures 
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employed in the treatment of congestive heart failure, as well as other factors. 
In addition to providing information from studies extending over long periods 
of time, by proper design of the experiments it was also possible to investigate 
the more rapid and earlier excretory phenomena concerned with the elimination 
of the tracer by man, including the time of appearance of the tracer in the 
bladder urine following its intravenous administration and the time course of 
excretion of the radiochloride during the first few hours. The relation of the 
excretion of chloride to estimation of chloride space and exchanging mass was 
approachable by the use of the long-life tracer. This phase of the investigation 
was particularly important in view of previously described investigations 
related to chloride space and mass.”* It was possible to define some of the 
marked variations in excretion and their influence upon the calculations of 
space and mass by the tracer method. 


MATERIALS AND METHODS 


Radiochloride, approximately ten million CPM (= 50 we) as NaCls¢, was administered 
intravenously to two control subjects and four subjects with chronic congestive heart failure 
(Table I). The exact dosage administered was known in all subjects with the possible ex- 
ception of Subject 502. Samples of venous blood were collected rapidly at intervals of 
a few seconds for the first few minutes and the intervals progressively lengthened to 15 
minutes by the end of two hours. From the end of the second hour to the end of the 
experimental period, 30 to 70 days, blood samples were collected each morning except Sun- 
day and on occasion when, for special purposes, they were collected at shorter intervals. 
During the first two hours following the administration of the isotope, urine was collected 
from a catheter in the bladder as often as possible and as nearly coincident with the collection 
of the blood sample as the rate of flow of urine would permit. From the end of the second 
hour to the end of the study period, each voided specimen of urine was collected in a separate 
bottle except when special study warranted collections at specific intervals of time. All 
other body fluids and excreta also were collected separately for the entire period of study. 

The dietary intake of sodium, chloride, potassium, and water* was calculated from 
tables.¢ The food was weighed before and after meals. A special attendant was constantly 
present to assure the accuracy of the dietary intake and collection of all excreta. 

Samples of serum, urine, and body fluids (ascitic and pleural) were assayed for sodium 
and potassium with a Beckman flame photometer, making suitable corrections for mutual 
excitation by means of calibration data for this particular instrument.5 Chloride was meas- 
ured by the method of Schales and Schales* and radiochloride determined with a thin-mica- 
window Geiger-Miiller tube, the samples having been prepared for counting by a method 
previuosly described.1,7,8 Stools were assayed only for radiochloride. Radiochloride was 
determined in every sample of urine; except in special instances, chloride, sodium, and 
potassium were determined only in the pooled 24-hour sample from 9 A.M. to 9 A.M., the time 
at which the daily samples of blood were also drawn. 

During the periols of observation, special investigations were conducted which in- 
cluded a study of the effects of the administration of a mercurial diuretic, infusions of 
sodium chloride, and administration of various drugs, such as desoxycorticosterone acetate, 
potassium acetate, and sodium bromide. On some of these occasions the concentrations of 
all three electrolytes in each sample of urine were determined and additional samples of blood 
Were drawn for assay. 


RESULTS 


For convenience of presentation the data are divided into four parts: 


(1) excretion of Cl** during thé first 90 minutes following the intravenous 


*For these studies, the cooperation of Sister Euphemia and Misses Gloria Kicklighter 
anc Jeanne Reid of the Dietary Department of Charity Hospital is greatly appreciated. 
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administration of a single dose of the tracer; (2) recovery of the isotopes by 
various routes of excretion; (3) daily excretion, clearance, and balance of Cl**, 
Cl**, sodium, and potassium; and (4) influence of special procedures upon the 
excretion of chloride. 
1. Excretion of Cl During the First Ninety Minutes Following the 
Intravenous Administration of a Single Dose of the Tracer.— 
Control 
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Minutes 
Fig. 1.—Concentration time course of Cl%* in serum, urinary concentration, rate of 
urinary excretion, rate of urine flow, and urinary ciearance of Cl5¢ in the six subjects studied 
(Table I) for the first two hours following intravenous administration. The ordinate values 
for rate of urinary excretion and urinary concentration for the subjects with severe con- 
gestive heart failure are 1/100 those of the other two groups. 


A. The time of appearance of the tracer in the urine: Because of technical 
difficulties and failure to collect sufficient quantities of urine for counting from 
some patients, it was not possible to determine the precise time at which the 
radiochloride first appeared in the urine, but only that time interval during 
which it appeared (Table I and Fig. 1). In one subject (Subject 504) the 
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time of the first appearance of the Cl** in the bladder urine was between 2 
minutes 10 seconds and 2 minutes 30 seconds, the appearance being most 
precisely obtained in this patient because of short collection intervals. Although 
determined less precisely (within 1- to 2-minute intervals) in Subject 502, the 
time of appearance was between 4 minutes 55 seconds and 7 minutes 5 seconds, 
and in Subject 505, between 4 minutes 3 seconds and 5 minutes 50 seconds. In 
Subject 501 radiochloride appeared in the urine between 1 and 7 minutes and 
in Subject 506, some time before 3 minutes had elapsed. The concentration of 
(1° in the urine of Subject 503 with severe congestive heart failure was so low 
that it was not possible to distinguish between significant excretion of the tracer 
and fluctuations in background. From these data there was no detectable 
difference between the time of appearance of the tracer in the urine in the 
control subjects and the subjects with congestive heart failure. Every subject 
for whom it was possible to measure significant quantities of tracer in the urine 
had excreted some of the tracer by 7 minutes after the intravenous administra- 
tion. These results are similar to those previously reported for Na**.® 


Comment: Although it was realized that the use of bladder catheters would 
not permit determination of the precise time at which the tracer entered the 
bladder urine, this collection technique was employed in an attempt to measure 
as closely as possible the time of appearance of Cl** in the bladder. Some of the 
difficulties included rates of urine flow inadequate to permit frequent collections 
of volumes large enough for study, inability to exclude pooling in the bladder 
before entering the catheter, and the time required for transit through the 
catheter. The catheters employed had a luminal volume of approximately 
2 ml. so that at rates of urine flow of 1 ml. per minute, two minutes would 
have been required for transit through the catheter. Furthermore, the curve 
of excretion of the isotope progressed so gradually from zero that it was 
difficult to determine precisely when the counts became significantly greater 
than background. 


It was noted that psychological disturbances associated with the studies 
most probably produced considerable variations in the rate of urinary flow, 
for subjects who seemed to be frightened by the activity attendant to the rapid 
collection of samples developed anuria lasting several minutes. The degree 
to which such disturbances influenced measurements of the appearance time, 
as well as other phases of these studies, has not been determined. 


As pointed out in the studies with radiomercury,’° it was not even possible 
to relate precisely the electrolyte content of a given sample of urine collected 
from a ureteral catheter to that of a sample of blood collected at the same time 
from a eatheter in a renal vein. Because this lag was not constant, it would 
be precarious to estimate renal function from clearance data obtained when a 
lag of this nature is significant, particularly when the concentration of the 
substance measured changed rapidly in either the blood or urine. Therefore, 
because the fluctuations in both time of appearance and in rates of exeretion 
my be considerable from individual to individual as well as from time to time 
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in the same individual, it is not possible to employ a given correction for the 
lag in appearance time. This problem has been presented in more detail previ- 
ously.?° 

B. The rates of urinary excretion of the tracer: It is apparent from Table 
I and Fig. 1 that the rate of excretion of chloride in the initial 90-minute period 
was less for the subjects with edema (Subjects 505, 503, and 506) than for the 
subjects without edema. In spite of the low rate of urine flow, mean of 0.37 
ml./min., for control Subject 501 the rate of output of Cl°* for the 90 minutes 
was relatively high, 385 CPM/min. Subject 502 with mild congestive heart 
failure who was recovering from the failure at the time of observation had both 
a urinary flow, 3.15 ml./min., and rate of output of Cl**, 685 CPM/min., which 
exceeded that of the control subjects. Subjects 503 and 506, who had severe 
congestive heart failure, showed the least rapid rates of excretion of Cl**, 3 
and 23 CPM/min. respectively. Subject 503 had a low rate of urinary flow, 
0.25 ml./min., whereas Subject 506 had a fairly high rate of flow, 0.88 ml./min. 
During a portion of the two-hour period following the intravenous adminis- 
tration of the tracer, the urinary volume declined and the concentration of the 
tracer rose in Subjects 501, 504, 503, and 506. This temporary inverse relation- 
ship had been noted previously for radiomercury.*° 

The time course of urinary clearance of the Cl** for the six subjects studied 
during the first two hours of observation is indicated by Fig. 1. The clearance 
rates of Cl** were considerably lower in the subjects with severe congestive 
heart failure than in the control subjects. The clearance rates of the subject 
with mild congestive heart failure (Subject 502), who was recovering during 
the period of the study, exceeded those of the control subjects. The time course 
curves of urinary clearance and the rate of excretion of the isotope and the rate 
of excretion of water were essentially parallel in all subjects (Fig. 1). 

Because of the arbitrary mathematical calculation of clearance, and the 
lag between change in blood concentration and the appearance of the tracer 
in a sample of urine produced from a given concentration in the plasma, the 
clearance values are subject to considerable error, especially during the first ten 
minutes. When the serum concentration was not changing and therefore be- 
came a constant in the clearance ratios, the rate of excretion of the isotope pro- 
vided the same information concerning the chloride excretory function of the 
kidney as did the clearance. 

The time course of the excretion of radiochloride per minute expressed as a 
percentage of that present in the body during the first two hours, as well as 
the next five days, and the ninth day of the experiment, is shown in Fig. 2. 
When expressed in these units, the rate ef excretion of chloride was considerably 
less in the subjects with severe congestive heart failure than in the two control 
subjects and the subject with mild congestive heart failure who was recovering. 
The rate of excretion, expressed as a percentage of the isotope in the body re- 
maining to be excreted, varied considerably from time to time including diurnal 
variations. 
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Fig. 2.—Rate of excretion of Cl%* as a percentage of that present in the body to be 
excreted for the first five days and for the ninth day following intravenous administration 
of the tracer in all six subjects. The two subjects with severe congestive heart failure 
excreted an extremely small amount of Cl%. The sudden and marked increase in the rate 
of excretion of Cl%¢ on the third day in Subject 505 was produced by a mercurial diuretic. 
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Comment: These data present additional evidence of the inability of 
subjects with congestive heart failure to exerete chloride as compared to normal 
subjects. Furthermore, when congestive heart failure begins to subside, the 
excretion of chloride progressively returns toward normal and may actually 
exceed the rate of excretion of the control subjects on a comparable dietary 
regimen. These data show this phenomenon in greater detail than has been 
previously demonstrated because the use of the isotope made possible the study 
of many samples at frequent intervals on small aliquots of biologic fluids not as 
readily amenable to the study of Cl*> by chemical methods. The time-course 
curves concerned with the excretory function of the kidney as far as chloride 
is concerned revealed the marked fluctuation in this function. In fact, in spite 
of the low rates of excretion in those subjects with impaired cardiac reserve, 
the percentile variations were of the same magnitude as for subjects with 
unimpaired cardiac reserve. These low rates of excretion, illustrated by Table | 
and Figs. 1 and 2, are responsible for the low biologie decay rates previously 
deseribed.! 

The similarity of the decrease in the rate of urinary flow simultaneously 
with an inerease in concentration of the tracer in the urine during the period 
shortly after the injection of the material containing the tracer to that observed 
following the intravenous administration of radiomercury’® suggested the possi- 
bility of a common mechanism for both. It was thought previously that mereury 
had some pharmacologic action upon renal function which might have been 
responsible for the relative characteristics of these two curves when that material 
was employed. Since the same phenomenon was observed for NaCl*® in water, 
that mechanism of the reaction becomes less likely and a mechanism whieh 
might possibly be common to both was suggested. This may consist of the 
psychological disturbances, associated with the conduct of the experiment or 
the injection of material with properties foreign to the circulation, either physi- 
eal or chemical. Its action could be mediated through the central nervous sys- 
tem or by humoral mechanisms. 

As would be expected from the low excretion rate of Cl*® in the subjects 
with congestive heart failure, the total amount of tracer excreted during the 
first ninety minutes, expressed as a percentage of the injected dose, was con- 
siderably less than that excreted by the controls (Table I). 

The rate of excretion of Cl°* expressed as a percentage of that present in 
the body to be exereted for the first ninety minutes following injection was 
plotted against body weight of the subject. It was found that the rate of excre- 
tion was slower in patients with severe congestive heart failure than those with 
mild failure (Fig. 3). This is most likely the result of the renal function. 
Other factors, such as mass of nontracer available for excretion, could have 
played a role in this relationship,’ *-*: 1" 7? but body weight by itself is not 
necessarily an index of the mass of nontracer available for excretion. This plot 
(Fig. 3) suggests the feasibility of the rate of excretion of a test dose of Cl” 
as an index of the functional state of the kidneys and the state of congestive 
heart failure. Incidentally, the rate of excretion for Na** was the same as for 
Cl** in subjects with the same elinical states.° 
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RELATION OF RATE OF EXCRETION TO BODY WEIGHT 
FOR FIRST 90 MINUTES 
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Fig. 3.—Average rate of excretion of Cl°* expressed as excretion per day as a percentage 
of the Cl present in the body related to body weight for the first ninety minutes following 
intravenous administration of the tracer. The apparent grouping of values around two 
separate lines is determined by the ability to excrete chloride rather than by the total body 
Weight. The two subjects with severe failure were able to excrete very little Cl**, 
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2. Recovery of the Isotope by Various Routes——The duration of study of 
the subjects varied because the counts in the urine and serum approached back- 
eround at different times and because two subjects (Subjects 503 and 506) 
expired at the end of the thirty-seventh and thirty-second days of observation, 
respectively. Therefore, the first thirty-day period of study was selected for 
comparison of the recovery of Cl** for all patients (Table IJ and Fig. 4). 


Fig. 4, a shows as a percentage of the injected dose the Cl** which had been 
recovered by the end of the thirtieth day. A total of 76.3 and 86.8 per cent 


ROUTES OF RECOVERY OF CI°® 





First 30 days During entire study 





% of injected dose % of thot recovered % of injected dose 
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_. Fig. 4.—Histogram showing the routes of the recovery of Cl®*. a, Percentage of the 
injected dose recovered during the first thirty days of the study. b, Recovery of Cl°* expressed 
as a percentage of the total amount recovered in the first thirty days of the study. c, Per- 
centage of the injected dose of Cl** recovered during the entire period of the study. Subjects 
903 and 506 expired during the course of these observations and were not observed for as 
long a period as the other subjects. 


had been reeovered in the two control subjects; 75.2 and 82.8 per cent in the 
urine; and 1.1 and 4.0 per cent in the stool. A total of 60.8, 36.8, and 63.7 per 
cent was recovered for the three patients with congestive heart failure for whom 
the injected dose was known: 54.7, 19.0, and 60.3 per cent in the urine; and 
6.1, 2.0, and 1.6 per cent in the stool, respectively. In Subject 503, 15.8 per cent 
Was recovered by thoracic and abdominal paracenteses, and 1.7 per cent in 
vomitus and sputum of Subject 506. A large portion of the urinary recovery 
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was obtained from a massive diuresis during the last eight days of life of 
Subject 506. This was responsible for a rapid decrease in serum concentration 
and calculated space and mass. Until the onset of this diuresis the excretory 
pattern of Subject 506 was similar to that of Subject 503 from whom less than 
20 per cent was recovered in the urine in thirty days. The percentage of the 
total recovery by various routes by the end of thirty days is shown in Fig. 4, 0. 


The percentage of the administered dose recovered during the entire period 
of study of each patient is also presented in Table II and Fig. 4, c. For all 
subjects, except the two who expired, this time of study represents the approxi- 
mate time required to reach background levels in serum and urine. For the 
two control subjects (Subjects 501 and 504) 95.8 and 99.0 per cent, respectively, 
was recovered, and 98.2 per cent was recovered for Subject 505 with congestive 
failure. The rate of urinary excretion in the control subjects was more rapid 
than in the subjects with congestive failure, but as was shown for Na”? during 
a period of rapid compensation, a patient in failure may have a more rapid 
excretory rate than the control subjects.” 


Comment: Fig. 4 indicates the over-all rate of recovery for long periods 
of time, but the rate of excretion varied considerably during these periods, par- 
ticularly under the influence of diet, diuretics, and other factors. 11? The 
recovery in all of the subjects was not complete, since two subjects died and 
only about 70 per cent of the injected dose was recovered from Subject 502. 
However, this subject perspired profusely during the experiments. On one 
day she excreted in sweat 15,160 CPM, or 6.5 per cent of the total excretion of 
that particular day (0.15 per cent of the injected dose). Therefore, although 
the total excretion exceeded 70 per cent, since the sweat was not measured 
regularly, it is possible only to estimate the total loss of Cl°* without including 
all excreted by this route. 

The large recovery of the injected Cl** from Subjects 501, 504, and 505 (95 
to 99 per cent in 69, 47, and 72 days, respectively) indicates that there was 
relatively little danger from the long-term radiation effects of the long-life 
chloride, Cl**. Since 95 to 99 per cent of the 50 ve injected was recovered, only 
approximately 0.5 to 2.5 we was unaccounted for by the end of the experiment. 
Since the sweat and other routes of loss were not studied, and since ali excreta 
and body fiuids studied contained no detectable radioactivity, by the end of 
the experiments the amount remaining in the body was even less than this. 
As calculated from the equation* of Marinelli, Quimby, and Hine," the maximal 
total radiation to the subject would be 0.914 e.r. for Cl** with a maximal beta 
energy of 0.7 mev., physical half-life of 4.4 x 10° years, biological half-life of 
approximately 15 days and a total administered dose of 50 pe. 

In subjects with the biologie half-life periods longer than 15 days due to 
low rates of excretion such as in association with low chloride intake and ehronic¢ 


[> = BC 2. r., 

Dp = total dose in equivalent roentgens, 

by = concentration in we per gram of tissue, 

Ky» = 88 EpvT e. r. per we destroyed per gram, 

Ep average beta energy in mev. and 

T = effective half-life (in the case of Cl**, the biologic half-life in days), 
& 50/50,000 for a 50 Kg. patient = 1-* we per gram, 

Kp 88 xX 0.7 X 15 = 914 er. per we per gram, and 

Dp 914 * 10°37 = 0.914 ar. 
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congestive heart failure, the total maximal body irradiation will be greater 
than 0.914 e.r. Conversely, a high chloride intake or procedures which hasten 
the excretion of chloride would reduce the total maximal radiation. The impli- 
cations of this are apparent. 
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_ Fig. 5.—The simultaneous time-course curves of various parameters obtained on control 
Subject 501, including balance data. The time and duration of administration of various 
drugs as well as other special procedures are indicated. 


These experiments of recovery indicate that very little, if any, Cl** was 
“permanently’’ firmly bound in noncommunicating stores. If such stores ex- 
isted, however, the Cl** could have been ‘‘functionally sequestrated’’ by slow 
rates of exchange.” ® 


) 


3. Daily Excretion, Clearance, and Balance of Cl’*, Cl, Sodium, and 
Polassium.— 
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Data concerned with the daily excretion of chloride, sodium, potassium, and 
water are summarized in Figs. 5 through 10 to show the relationships among 
various factors which may have influenced excretion. In each figure are shown 
the daily average rate of urine flow in milliliters per minute; the average daily 
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Fig. 6.—The simultaneous time-course curves of various parameters obtained on Subject 
502, including balance data. The time and duration of administration of various drugs as 
well as other special procedures are indicated. 


clearance of radiochloride, chloride, sédium, and potassium; the total daily 
urinary excretion of radiochloride and chloride and the daily fecal excretion 
of radiochloride as a percentage of that present in the body; the daily intake, 
output and balance of chloride, sodium, potassium, and water; and the body 
weight and the change in body weight in kilograms. Drugs and procedures em- 
ployed during the study are also indicated. 
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The daily excretion of radiochloride is expressed as a percentage of that 
remaining in the body. This unit was employed to facilitate interpretation of 
the exeretory phenomena at the later periods in the study when the counts 
approached background and actual counts expressed as a percentage of the 
injected dose would have produced a distorted picture of excretory function. 
This also permits comparison of the excretion of Cl** with that of Cl®° expressed 
as a percentage of the calculated total amount of Cl** in the body. These caleu- 
lations were obtained in the following manner: 


Nx, x 100 
Nr _ 


= excretion on day t as a percentage of the total Cl*® re- 
maining in the body 


where Nx, measured amount of Cl** excreted in CPM on the t™ day, 
and 


Nr amount of Cl°* remaining in the body at the beginning 
z ev S oS 


of the t'" day in CPM or N, - 


where N, = the injected dose in CPM." 
The excretion of Ci®*> on any day t expressed as a percentage of the 
calculated mass of chloride in the body was obtained by the equation: 


x 100 = excretion of Cl** as a percentage of calculated chloride 
mass, 


where K; —= measured amount of Cl** excreted in grams per day and 
Mr = calculated mass of chloride in the body in grams. 


These calculations may be applied to any route or routes of exeretion, such as 
urine, stool, vomitus, sputum, or other normal or abnormal biologie fluids. 

The general variations in the parameters for each subject were similar 
(Figs. 5 through 10). For example, when there was an increase in the magni- 
tude of urine flow, there was an increase in clearance rates, and percentage 
excretion of the substances measured, as well as a total Guantitative increase in 
these substanees. With exceptions which will be discussed in detail later, the 
variations conformed with those expected from the changes in weight and 
electrolyte balances. 


A. Excretion of Cl’’ and Cl’ as a percentage of that present in the body: 
As indieated previously in studies of the biologic decay rates of Na** and Cl°*®, 
these rates could be made to vary by changing intake of the respective stable 
elements. This is exemplified in Figs. 5 and 6 for control Subjects 501 and 504, 
who exereted 9 and 20 per cent, respectively, while on high chloride intake 
(175 to 200 meq. per day) and 4 to 5 per cent during periods of low intake 
(25 to 40 meq. per day). 
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The average percentage output was maintained at a fairly high level as a 
result of the response to ammonium chloride, mercurial diuretics, and general 
improvement in Subject 505 (Fig. 8), who was edematous initially but improved 
rapidly throughout the study. There were wide variations in these values which 
reached 10 to 11 per cent during the period of rapid excretion and even 26 per 
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Fig. 7.—The simultaneous time-course curves of various parameters obtained on Subject 
503, including balance data. The time and duration of administration of various drugs 
as well as other special procedures are indicated. 


cent after administration of a mercurial diuretic. The percentage excreted was 
extremely low, less than 1 per cent for the two subjects with severe failure 
(Figs. 9, 10), except for days when mercurial diuretics were given in Subject 
506 (Fig. 10) for the ten days preceding her death when increased excretion 
was maintained with ammonium chloride, aminophylline, and mereurial diu- 
retics. The day immediately prior to death, the percentage excretion returned 
to less than 1 per cent. The relationship of the variations in the exeretion of 
Cl®* and Cl** as a percentage of that in the body to be excreted to the variations 
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Fig. 8.—The simultaneous time-course curves of various parameters obtained on control 
Subject 504, including balance data. The time and duration of administration of various 
drugs as well as other special procedures are indicated. 
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Fig. 9.—The simultaneous time-course curves of various parameters obtained on Subject 
505, including balance data. The time and duration of administration of various drugs as 
well as other special procedures are indicated. 
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in the excretion of sodium, potassium, and water, as well as the other time- 
course curves shown in these figures, can be obtained only by eareful study of 
the illustrations. 

Selected aspects of the time-course curves of Cl*® exeretion expressed as ¢ 
percentage of that remaining in the body are summarized in Fig. 11 and Table 
III. The values presented are means of several days of observation during 
which the effect of certain procedures and drugs were tested. The illustration 
indicates the following: 


TABLE ITI. 


AVERAGE | AVERAGE | | | RATIO. 
DAILY EX- | DAILY EX- | | AV. DAILY 
CRETION ON CRETION ON EXCRETION 

Hg AND | DAY AFTER | RATIO | RATIO OF Hg DAY 
LOW DIET | HG | Hg DAY: | DAY AFTER | AND DAY 
(PER CENT | (PER CENT |° CONTROL | Hg: CON- | AFTER: CON- 
PRESENT) | PRESENT) | DAY | TROL DAY | TROL DAY 





AVERAGE 
DAILY EX- 


| 
| 
| 
| 
| 
CRETION ON | 
| 
| 
| 


(PER CENT 
SUBJECT PRESENT ) 
501 3.55 4.11 1.65 1.16 0.46 0.81 
(Control) 
504 3.91 5. 0.47 1.43 0.12 0.78 
(Control) 
505 0.66 10.45 26 15.83 
(Mod. CHF) 
503 38 j 4 19.66 
(Sev. CHF) 
506 . 6: 7 28.91 
(Sev. CHF) 


CHF = Congestive heart failure. 


| 
| 
| 
| 
| LOW DIET 
| 











1. On both high (175 to 200 meq. per day) and low (25 to 40 meq. per day) 
chloride diets, the nonedematous control subjects excreted a greater percentage 
of the Cl** remaining in the body than did the subjects with congestive heart 
failure. Subject 505, who compensated and who has remained essentially 
the compensated state for three years since completion of these experiments, 
was able to excrete chloride at a considerably greater rate when on a high 
sang diet than those subjects in severe failure (Subjects 503 and 506). 

. The patients with congestive heart failure excreted more Cl*® in response 
to the mercurial diuretics than the control nonedematous subjects. When the 
dietary intake of chloride was low, the excretion of Cl°* by the control subjects 
averaged 1.16 and 1.48 times that on the control days, whereas the subjects with 
congestive heart failure excreted an average of 15.83 to 28.54 times more than 
on a control day (Table III). 

3. The control subjects showed a greater tendency to retain Cl** on the 
day following a mercurial diuresis than the subjects with congestive heart 
failure (Table III). On the day of mercurial diuresis the control subjects 
excreted from 20 to 40 per cent more Cl**, and 90 to 50 per cent less Cl*® on 
the day after diuresis than during the control period preceding the administra- 
tion of the mercurial diuretic. The net output for these two days was 
approximately 20 per cent less than for the control period. Subjects with 
congestive heart failure responded with a sixteen- to thirty-fold inerease in 
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exeretion of Cl°* on the day of administration of mercurial diuretics and on the 
next day the excretion was two- to five-fold greater than the control with the 
net excretion for the two-day period from nine to seventeen times the control 
level. 


MEAN RATES OF EXCRETION FOR Cl** 
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Fig. 11.—Histogram showing the effects of dietary intake of Cl, mercurial diuretics, 
and sodium bicarbonate upon the averages of the rates of excretion of Cl°* expressed as 
percentage of the Cl°* remaining in the body to be excreted. 


4. One control subject and one subject with congestive heart failure who 
received sodium bicarbonate manifested definite reduction in the excretion of 
chloride associated with an increase in the calculated chloride space. This 
finding had been previously interpreted? * to indicate a shift of chloride into 
the intracellular compartment, an observation corroborated by Pitts and 
Axelrod.'4 
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5. The percentage of Cl** excreted in the stool was relatively small, varying 
between less than 1 and 9 per cent. The highest values were observed in the 
patients with congestive heart failure during periods of low urinary excretion 
of chloride. 

Subject 501 (Fig. 5) while on sodium chloride manifested an increase in 
the excretion of Cl** in stools. When on ammonium chloride, however, there 
was no such inerease in the fecal excretion of the isotope for either control 
Subject 501 (Fig. 5) or Subject 504 (Fig. 6) for whom the excretion of 
radiochloride in the stool was remarkably constant. The patients with congestive 
heart failure, on the other hand, tended to show a greater variation in the 
percentage fecal excretion, which often exceeded excretion in the urine as did 
loss by paracenteses. 

Comment: The time-course curves of Cl** and Cl** excretion as a percentage 
of that remaining in the body showed an expected similarity. Nevertheless, 
there were notable discrepancies, the precise cause for which is unknown. These 
discrepancies may be due to errors in measurement of the stable and tracer 
isotopes, errors in the calculation of Cl°* and Cl** remaining in the body due 
to failure to collect all losses, inadequacies of equilibrium of distribution of the 
isotope or ingested Cl**, sequestration of tracer and/or nontracer, as well as 
other physiologic phenomena related to disturbances in equilibrium of distribu- 
tion of the tracer and the steady state of chloride metabolism.* The failure to 
maintain proper temporal relationship among the various measurements em- 
ployed in the calculation of these curves may be another cause for the dis- 
crepancies. For example, if there was change in the concentration of tracer 
or nontracer in the serum during the course of a day, calculations based on 
measurements made at different times of the day would result in the discrepancies 
noted in these curves. 

When the previously mentioned difficulties are considered,’ the two control 
subjects showed remarkable similarity of the time-course curves of Cl**> and 
Cl** expressed as percentage of that remaining in the body for excretion. The 
subjects with congestive heart failure, in contrast, showed considerable fiuctua- 
tions in the magnitude of these time-course curves and in the discrepancies in 
values between them. If the system were homogeneous, the physiologic state 
steady, and the equilibrium of distribution of the tracer fully established 
throughout all chloride compartments of the body, these two curves would be 
superimposed. Therefore, these excretory curves indicate further that the 
patients with congestive heart failure were unable to maintain a _ stable 
physiologic state of extracellular fluid, whereas the control subjects were able 
to do so. This confirms further conclusions derived from the study of space 
and mass of Cl** reported previously.” * 

As indicated previously,* 1? the excretion of tracer would be expected to 
vary inversely with the space of the nontracer if the diet remained constant. 
To investigate this concept further, the percentage of the tracer excreted was 
plotted against the calculated mass of Cl**> percentage of the body weight (Fig. 
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12). As was expected they were inversely related; and, furthermore, the same 
inverse relationship was found to exist between excretion of Cl*° and mass of 
(1°> expressed in grams or as a percentage of the body weight. 

B. Urinary clearance of Cl’*, Cl, sodium, and potassium: The urinary 
clearance rates for all the substances studied, including water, were highest for 
the two control subjects and the subjects with moderate congestive heart failure 
who were compensating ; they were lowest for the subjects with severe congestive 
heart failure (Figs. 5 through 10). Increase in the intake of any of the sub- 
stances resulted in an associated increase in the rate of clearance of that sub- 
stance. Those patients with severe congestive heart failure, however, did not 
always respond as well as the control subjects. Mercurial diuretics produced 
large inereases in the clearance rates, especially in the subjects with congestive 
heart failure. 
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Fig. 12.—Scatter graph of the rate of excretion of Cl** expressed as percentage of 
tracer present in the body to be excreted related to the calculated mass of Cl* expressed 
as percentage of body weight for five subjects on a low and a high chloride intake. 


Although there was a tendency for concordant variations in the curves of 
values of sodium, potassium, and chloride clearance, there were times when these 
diverged (Figs. 5 through 10). The clearance of potassium in control Subject 
\04 (Fig. 6) was approximately thirty-five times the chloride clearance on low 
chloride diet and twelve to fifteen times that on a high chloride diet, the range 
being 8 and 474. The chloride clearance was approximately three times the 
sodium clearance. Sodium clearance never exceeded chloride clearance in 
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Subject 504 (Fig. 6) and Subject 506 (Fig. 10) whose dietary intake of sodium 
never exceeded that of chloride. The sodium clearance exceeded the chloride 
clearance in Subject 501 (Fig. 5) and Subject 502 (Fig. 7) only when they 
received sodium bicarbonate. In spite of an intake of sodium exceeding that 
of chloride during the administration of sodium bicarbonate, Subject 503 (Fig. 
9) never had a sodium clearance higher than chloride clearance. 

Comment: The clearance of Cl** was quantitatively similar to that of Cl*. 
The differences noted may have been due to the factors discussed for differences 
in pereentage excretion. Chloride clearance and sodium clearance tended to 
vary concordantly except when one or the other element was varied independ- 
ently in the diet. Potassium clearance, on the other hand, tended to vary 
relatively little during these experiments and did not necessarily vary con- 
eordantly with chloride and sodium clearances. The independence of the 
potassium clearance in these experiments may be related in part to the 
relatively high potassium intake and because the greater mass of potassium 
is intracellularly located and the serum concentration is low. Because of 
the high intake and the low serum concentration, the clearance of potassium 
was relatively high with respect to sodium and chloride. The high potassium 
clearance indicated a rapid turnover of potassium in the blood serum. 

The control subjects responded promptly to changes in the dietary intake 
of these elements whereas the subjects with congestive heart failure did not 
necessarily do so. 

Because of the numerous variations in the clearance curves of the different 
elements (Figs. 5 through 10), it is difficult to determine by mere inspection of 
the curves whether or not the clearance rates vary because of differences in 
dietary intake and/or serum concentration. It is possible, therefore, to make 
corrections for dietary intake and serum concentration by the following equa- 
tion : 

Serum Na_ Cl Intake 
Av, daily Na clearance x Serum Cl “ Na Intake — Na output/day _ Cl intake/day 


— Gl output/day ~ Na intake/day — 








Ay. daily Cl clearance — 
corrected sodium clearance as a fraction of chloride clearance. When this ratio 
is applied to the Cl**, Cl**, sodium, and potassium clearance curves of Subject 
501 (Fig. 5), and plotted (Fig. 13), it is possible to determine readily by 
inspection whenever a disproportional clearance change develops. Because of 
the nature of this ratio, the direction and absolute amounts of change cannot he 
determined from the ratio alone. By referring to Fig. 5 for the appropriate 
time, however, it is possible to determine these quantitative changes responsible 
for the changes in the ratio. For example, in Fig. 13 definite changes occurred 
in the ratio at the time of administration of ammonium chloride, sodium 
bicarbonate, sodium chloride, and potassiim acetate. The direction and quanti- 
ties responsible for these changes are available from the balance and _ the 
clearance curves shown in Fig. 5. No attempt was made to present charts of 
such ratios for each of the subjects studied. 

The clearances presented are average daily clearances derived from clear- 
ances which were measured at much shorter intervals during each day. The 
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moment-to-moment variations during the day were considerably greater than 
the daily average clearances. These marked variations indicate the possible 
erroneous impression which may be obtained concerning the excretion of these 
elements when single clearances are measured over short intervals. Serial and 
numerous measurements are necessary under controlled metabolic conditions 
to provide a more accurate pattern of the time course of clearance. 

C. Specific activity: The time course of daily specific activity (Cl°*/Cl**) 
in the blood and urine of all the subjects is summarized in Fig. 14. The 
specifie activities of the blood and urine follow each other closely with diver- 
gence being more frequent and of greater magnitude in the subjects with 
congestive heart failure than in the control subjects. The time-course curves 
of Cl and Cl** clearance are also presented in Fig. 14 to illustrate the 
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Fig. 13.—The time course of urinary clearances of Cl®*, sodium, and potassium in which 


corrections were made for differences in dietary intake and serum concentration for control 
Subject 501. Consult text for details. 


simultaneous variations in the specific activities and clearances. It is evident 
that the greatest discrepancies in specific activities of urine and blood occurred 
when the rates of Cl and Cl** clearance showed the greatest changes and 
discrepancies. Also, as would be expected, the rate of regression of specific 
activity in the blood and urine was the same as the biologic decay rates of 
Cl’ in the blood.t It is noted, for example, for Subject 506 with the rapid 
rate of clearance of Cl** and Cl** due to the elimination of edema fluid, that 
the speeifie activity of the blood and urine declined rapidly. 

Comment: Were the physiologic system noncompartmented, equilibrium of 
distribution established and a steady state maintained, and measurements free 
from significant error, the time-course curves of specific activity of the blood 
and urine would be superimposed. Because such conditions did not exist, there 
were discrepancies between the urine and blood specific activities. The reasons 
lor these discrepancies have been discussed earlier in this report. 
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The great discrepancies in specific activity in the patients with congestive 
heart failure is further evidence of the instability of the state of chloride 
metabolism in this clinical condition. This instability in specifie activity in 
the blood as well as in the urine indicates instability of intracellular in addition 
to extracellular chloride metabolism in congestive heart failure. The greatest 
discrepancies in specific activities of urine and blood were noted (Fig. 14) 
during periods of large fluctuation in chloride metabolism as occurred in 
association with variations in the state of congestive heart failure, administration 
of mercurial diuretics, and administration of chloride. 

D. The interrelationship of balance of chloride to balance of sodium, poitas- 
sium, and water: The time courses of chloride, sodium, potassium, and water 
balance are summarized in Figs. 5 through 10. Inspection of these curves 
reveals the interrelationship of these balance measurements with such factors 
as body weight, clearance of chloride, sodium, potass:um, Cl**, the use of drugs 
or other special procedures, and variations in intake of electrolytes and water. 
All of the subjects were on a relatively low chloride intake (~ 30 meq. per 
day) for about seven days before initiation of these experiments, and through- 
out the experiments except when indicated on the illustrations. 

After being placed on a greater intake of chloride, the control subjects 
retained chloride in large quantities for the first two days and then gradually 
came into balance in about six days (Figs. 5 and 6). The subjects with mild 
congestive heart failure, those who were recovering from their failure, had a 
response which was similar to the control subjects. On the other hand, Subject 
503 with severe congestive heart failure tended to remain in positive chloride 
balance. Subject 506, who was receiving aminophylline and mercurial diuretics 
simultaneously with the increased intake of chloride as ammonium chloride, 
had a negative balance attributable to the effects of the drugs. Ammonium 
chloride increased sodium excretion in control Subjects 501 and 504 and in 
Subject 505 with mild congestive heart failure. The excretion of potassium was 
not measurably altered by ammonium chloride in any of the subjects. 

Subjects 501 and 502, who had adequate periods of increased oral intake 
of sodium chloride, retained both sodium and chloride. The retention of 
chloride was greater when control Subject 501 was on sodium ehloride than 
when chloride was administered as ammonium chloride. In none of the sub- 
jects was excretion of potassium altered by the administration of sodium 
chloride under these conditions of administration. A negative balance, a ‘‘re- 
bound’’ phenomenon, was present at the end of the periods of high intake. 
There was no increase in body weight in association with a positive chloride 
balance due to high intake of ammonium chloride, but there was a gain in body 
weight in association with the positive, chloride balance due to an increased 
intake of sodium chloride. 


Sodium and chloride balances were negative while potassium remained 
unchanged during the excretion of edema fluid by the patients recovering from 
heart failure. Sodium, chloride, and potassium balance varied slightly during 
the periods of constant dietary intake and essentially a constant physiologic 
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Fig. 14.—Simultaneous time-course curves of serum and urine specific activity and Cl* 
and Cir clearances for the six subjects studied. The specific activities of other isolated 
biologic fluids are plotted as separate points. A careful study of this illustration reveals 
many interesting relationships among these curves. 
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state (Figs. 5 through 10). 


mereurial diuretics, whereas the potassium balance remained essentially constant. 

Comment: Because these subjects were on low sodium and chloride in- 
takes, it is not surprising that following the administration of sodium and 
chloride there was a tendency to retain these elements for several days with a 
eradual approach to a zero balance value. When the dietary intakes of these 
elements were again reduced, there was a rebound negativity in the balance 
state due to a lag in the reduction of the excretory rate. The negative rebound 
in sodium or chloride balance following the reduction in the administration of 
one or the other may be an expression of the normal physiologic ‘‘hunting”’ 
phenomenon, that is, the physiologic state being maintained at some constant 
level about which there is slight undershooting or overshooting. With the 
sudden withdrawal of an electrolyte the mechanisms associated with reduction 
in output of the electrolyte probably have not become fully developed to prevent 
negative balance or excessive excretion. This is especially noticeable in subjects 
with tuberculosis.'° The patient with progressing and severe congestive heart 
failure failed to show the same excretory responses to increases in chloride and 
sodium intake manifested by the control subjects. 

The discrepancy between chloride and sodium balance produced by the 
administration of one or the other electrolyte alone demonstrated that the 
measurement of either sodium or chloride balance or the excretion of either 
electrolyte in the urine will not always indicate the state of balance or rate 
of excretion of the other element. Therefore, claims that the study of 
ehloride in the urine ean serve as an index of urinary excretion of sodium are 
not substantiated as being reliable under all circumstances, particularly under 
the influence of drugs and variation in the physiologic state. 

It is usually customary for investigators to report the data of metabolic 
studies concerned with balance measurements for any substance as the net 
laily balanee. When the net cumulative balance is recorded for many consecu- 
tive days of observation, such as in these experiments, it becomes evident that 
the net balance obtained for prolonged periods results in large net values. 
Inspection of Fig. 15, showing the time course of the cumulative net balance 
of sodium, potassium, and chloride reveals, in general, a constant gain 
in potassium for all of the subjects which was out of proportion to that which 
was expected for the associated change in body-weight. Although not shown, 
the same phenomenon was true for water. Obviously, this was physiologically 
impossible and must have been due to the net effects of slight and constant 
errors in measurement. For example, the failure to measure accurately potas- 
sium intake and potassium excretion in the stool and sweat, and insensible 
water loss was most likely responsible for the constant net positive balances of 
potassium and water and the resultant large positive balances at the termination 
of the studies. This may also be in part due to errors in the potassium values 
in the food tables.t The type of ‘‘bookkeeping”’ illustrated by Fig. 15 ean be 
very useful in the revelation of small errors in technique. 









Sodium and chloride balances varied considerably 
with inereases in output of these electrolytes produced by the administration of 
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It should be noted that for Subject 503 on some days a large negative bal- 
ance was produced by the quantity of electrolytes removed by paracenteses with- 
out any significant change in urinary exeretion. The positive balance of other 
subjects probably represents losses in excreta other than urine. 
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_. Fig. 15.—The simultaneous time-course curves of accumulated balance of chloride, 
sodium, and potassium for the six subjects studied, as obtained during the entire period of 
observation. 


4. The Influence of Drugs and Special Procedures Upon the Excretion of 
Chloride, Sodium, and Potassium.— 

igs. 5 through 11 summarize in general the influence of special procedures 
and drugs upon the various parameters observed in these experiments. Careful 
inspection of these illustrations will reveal the influence of these procedures 
Upon the various individual eurves and the interrelationships of the variations 
among the curves. Certain aspects of these responses are considered here. 
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A. Intravenous administration of sodium chloride: Two hundred and fifty 
milliliters of 3 per cent sodium chloride (7.5 Gm. or 128 meq.) in water was 
administered intravenously to three of the subjects, 504, 505, and 506, over a 
period of one hour. Catheters had been inserted into the bladder prior to the 
infusion of the saline and urine samples were collected at fifteen-minute inter- 
vals. Samples of blood were collected at thirty-minute intervals. These col- 
lections were continued for two hours; then each specimen of urine was collected 
as voided in a separate container. From the data obtained, time-course curves 
of Cl**, Cl**, sodium, and potassium concentration in the blood serum and urine, 
clearance for each of these, specific activity in the urine and serum, and rate 
of urine flow were plotted (Fig. 16). The subjects had had no special prepara- 
tion prior to the infusion, having been on water ad libitum and a relatively low 
sodium and chloride intake for about three weeks preceding the infusion. Ex- 
eretion of water declined precipitously in the normal subject and the subject 
with severe congestive heart failure and to a lesser degree in the subject with 
moderately severe congestive heart failure. 

The antidiuretic effect of the hypertonic solution in two of these subjects 
was similar to that described for the dog in the studies of Verney."® Excretion 
of potassium was little affected by the infusion. The Cl**, Cl°°, and sodium 
clearances were much higher in the control subject than in the two with heart 
failure (Fig. 16). These findings further demonstrate the impairment in con- 
gestive heart failure of the physiologic functions responsible for the maintenance 
of the steady state of electrolyte constitution of body fluids. 

B. Mercurial diuretics: Catheters were placed in the urinary bladder and 
one milliliter of a mercurial diuretic (Mereuhydrin) was administered intra- 
venously to Subjects 504 and 505. Samples of urine were collected at. thirty- 
minute intervals for two and one-half hours, and then each voided specimen was 
collected in separate containers as passed. Samples of blood were taken at the 
beginning of the study one hour before the administration of the diuretic. 
From these data time-course curves were plotted (Fig. 17) of the concentration 
of Cl®*, Cl**, sodium, and potassium in the urine, the clearances of each of these 
elements, specific activity of each specimen of urine and of blood serum for 
the morning of the injection and thirty-six hours later, and the rates of urine 
flow. 

There was definite diuresis (Fig. 17) in both the control subject (Subject 
504) and the subject with congestive heart failure (Subject 505). This diuresis 
was sustained for a longer period of time in the patient with congestive heart 
failure (Fig. 17). The control subject showed a ‘‘rebound’’ antidiuretic re- 
sponse during the latter part of the first twenty-four hours following the ad- 
ministration of the diuretic (Figs. 17 and 11). The longer period of diuresis 
in the subject with congestive heart failure is possibly related to the slower 
excretion of the mereury observed in other studies of the excretion of a diuretic 
labelled with radiomereury.‘” 

The diuresis produced by the mercurial diuretic was manifested by an in- 
crease in the concentration of Cl**, Cl**, and sodium. The increase in concen- 
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tration of potassium in the urine was less than that of sodium and chloride. 
There was also an increase in the clearance rates of these elements as well as of 
water. There was a striking parallelism in the water and electrolyte excretion 
in both patients evident in Fig. 17. 

The excretion of potassium was increased only slightly in the subject with 
moderate congestive heart failure and in the control subject. As can be seen 
from study of Figs. 5 through 10, the response in the excretion of potassium 
to a mercurial diuretic varied from no response to a moderate increase when 
compared with the excretion of sodium, chloride, and water. 

The definite response on the part of the kidneys to the mercurial diuretic 
in the subject with congestive heart failure indicates the ability of the kidney 
in this clinical state to function well when influenced by a proper agent. This 
is in support of an alteration of renal function in congestive heart failure rather 
than renal disease with organic impairment, for were the kidneys so greatly dis- 
eased in congestive heart failure that they were unable to produce urine, they 
would not be expected to respond as markedly to the mercurial diuretic as ob- 
served in these experiments. In general, the degree of response to the mercurial 
diuretic was directly related to the severity of the failure, the control subjects 
showing the least diuresis, and the subjects with failure the greatest (Fig. 11). 

C. Potassium acetate: Six grams of potassium acetate (61 meq. potassium) 
per day was administered orally to control Subject 501 and Subject 502 with 
moderate congestive heart failure for five and three days, respectively (Figs. 5 
and 7). This resulted in a slightly more positive potassium balance in both 
subjects. There was a slight increase in potassium clearance but there were no 
other significant changes in the other time-course curves shown in Figs. 5 and 7. 

D. Sodium bicarbonate: Ten grams (119 meq.) of sodium bicarbonate per 
day was administered orally to control Subject 501 (Fig. 5), Subject 502 (Fig. 
7) with moderate congestive heart failure, and Subject 503 (Fig. 9) with severe 
congestive heart failure. The daily sequence of administration varied for these 
subjects as indicated by Figs. 5, 7, and 9. The administration of sodium bi- 
carbonate to the control subject resulted in an increase in the excretion and 
clearance rate of sodium with a positive balance of sodium and an associated 
decrease in excretion of chloride and a slight positive chloride balance without 
a change in body weight. Upon discontinuing sodium bicarbonate, the excretion 
of chloride increased, again without change in body weight. Caleulated chloride 
space increased with the retention of chloride and later decreased during the 
period of negative chloride balance. This is in keeping with an intracellular 
shift of chloride during the period of sodium bicarbonate administration and 
an extracellular shift after discontinuance of the sodium bicarbonate. The same 
was true for Subject 502 with moderate congestive heart failure. The subject 
with severe congestive heart failure, Subject 503, showed almost quantitative 
retention of the administered sodium with relatively little change in the excre- 
tion of chloride. This patient was moribund at the time of administration of 
the drug. 
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Fig. 17.—The influence in two subjects of a single dose of a mercurial diuretic (Mercu- 
hydrin) upon serum and urine concentration and urinary clearance of Cl, Cl, sodium, 
and potassium as well as upon the rate of urine flow and the specific activity of Cl*® in 
both serum and urine. The subject with moderately severe congestive failure experienced 
amcre prolonged effect from the diuretic than did the control subject. 
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E. Cortisone: Cortisone was administered intramuscularly for four and 
seven days, respectively, to control Subject 504 and Subject 505 with moderate 
congestive heart failure (Figs. 6 and 8). Each subject received 300 mg. for 
the first day, 200 mg. the second day, and 100 mg. each succeeding day of ad- 
ministration. No significant effect attributable to the cortisone could be identi- 
fied. 

F. Desoxycorticosterone acetate: Ten milligrams of desoxyecorticosterone 
acetate in oil was administered subcutaneously to control Subject 501 and Sub- 
ject 502 with moderate congestive heart failure (Figs. 5 and 7). The subjects 
were receiving 10 Gm. of sodium chloride per day orally in addition to the 
dietary intake. The DOCA was followed by a decrease in excretion and clear- 
ance of sodium and chloride and a positive balance of these elements in the 
control Subject 501. No definite effect on potassium was demonstrable. Subject 
502 with moderate congestive heart failure showed no demonstrable effect of 
the DOCA. 















DISCUSSION 







Three ratios were employed in the analysis of the data obtained in these 
experiments. These ratios and their derivation are as follows: (1) The ratio 
of excretion of Cl** as a percentage of that present in the body to exeretion of 
Cl** as a pereentage of that present in the body is: 
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J5g = urinary concentration of Cl**, CPM/ml., 
urinary concentration of Cl**, meq./ml., 
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V = volume of urine per unit of time, 

Bz, — coneentration of Cl** in blood serum, CPM/ml., 

B,; — concentration of Cl** in blood serum, meq./ml., and 
Ny = CPM of Cl** remaining in the body at a given time. 






(2) The ratio of urinary clearance of Cl** to urinary clearance of Cl** is: 
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(3) The ratio of specifie activity of the urine to the specific activity of blood 
serum is: 
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Data obtained from the measurements of the urine and blood concentrations 
of Cl®* and Cl®> may be tested for their accuracy by the use of these ratios. 
Whenever there is a steady state, equilibrium of distribution and a homogenous 
physiologie system, these ratios should equal 1. When the values are other 
than 1, there is a disturbance in these conditions or errors in measurement. A 
study of these ratios showed them to be equal at all times and to be equal to 1 
when a steady state existed. 

There was a delay of one to seven minutes in the appearance of the tracer 
in the urine following the intravenous injection. Such delay ean have con- 
siderable significance whenever clearance studies are conducted for short periods 
of time, especially when the concentration of the substance being traced is 
changing rapidly in the serum or urine. These experiments, therefore, show 
that lag in appearance exists for Cl** as well as for Hg?°* and Na** as indicated 
previously.® 1° When lags and diurnal variations in intake, rates of metabo- 
lism, and associated exchange among various chloride compartments in the body 
exist, in addition to the delay in appearance time in the urine, errors can become 
even greater and are more likely to manifest themselves and significantly modify 
the accuracy of the interpretations of the calculations of mass of Cl*°, space of 
Cl**, clearance rates, and specific activity obtained with the use of Cl**. The 
mechanism by which the factors might participate in exchange phenomena and 
production of erroneous calculated data have been discussed previously.” * 

If intake of Cl*° is constant, the larger the Cl*° mass and space, the slower 
the rate of turnover of Cl®*.*: 12. Unfortunately, it is impossible to estimate the 
quantity of extracellular water or Cl®> mass in the normal or edematous subject 
in order to make corrections for body size. This is further complicated in that 
Cl** has been shown to exist in fairly large quantities in cells and to shift be- 
tween extracellular and intracellular fluids. Therefore, the caleulations without 
corrections in body weight reported earlier in this paper are subject to error 
and are only estimations of the true situation. In spite of this, the results show 
a remarkable relationship (Figs. 3 and.12). 

Although chloride and sodium have been shown to enter the cellular com- 
partment,! ® % 11:12 the major portion of these elements is in the extracellular 
fluids. The effects of lags in transfer rates and in functional sequestration of 
isotopie tracers have been described in detail elsewhere.’*? However, these 
effects are minimized by sampling the major compartment of these isotopes, the 
extracellular fluids. If the major portion of an element or isotope, such as potas- 
sium or rubidium, is within the cellular compartment, sampling the extracellular 
fluids may not reflect all kinetic phenomena, particularly of the major mass of 
the tracer and nontracer. Jn the instances where the major portion of an ele- 
ment is intracellular, that compartment must be studied just as the major or 
extracellular compartment was sampled in these observations on chloride. 


Because of the difficulty of measuring Cl* in the stools, only Cl** excretion 
Was measured in these experiments. This was prompted also in part by the 
general impression that only a small part of all chloride eliminated is excreted 
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in the stools. The two control subjects lost 2 and 4 per cent, respectively, of 
the total radiochloride excreted in their stools, whereas the subjects with con- 
gestive heart failure lost as much as 11 per cent of the total Cl°* excreted in the 
feces (Table II). This loss was increased in diarrheal stools. This is well 
demonstrated by the highest fecal loss of radiochloride in the control Subject 
501 which followed the administration of Phospho-soda* (Fig. 5). This agent 
produced the same effect in a patient (Subject 502) with moderate congestive 
heart failure. 

There tracer studies with the long-life isotope Cl** revealed a number of 
metabolic phenomena of chloride which were not heretofore satisfactorily ap- 
proachable with studies using Cl*®* and Cl*8. Among these was the observation 
that with the administration of sodium bicarbonate the excretion of chloride 
decreased with an apparent shifting of chloride into compartments other than 
serum. Furthermore, subjects with congestive heart failure were unable to 
maintain as constant a level of concentration in their serum as the control sub- 
jects. The marked variations in concentration of radiochloride in serum eould 
be explained only by shift of chloride from extracellular fluid into other com- 
partments. This inability to maintain a steady chemical state of the ‘‘milieu 
interior’’ is an expression of the diffuse metabolic disturbance in electrolytes 
associated with congestive heart failure. This instability of chemical environ- 
ment in the subjects with severe congestive heart failure was manifested by the 
‘‘overreaction’’ to mercurial diuretics with depletion of body electrolytes and 
to removal of ascitic or pleural fluid. It is also noted that the exeretion and 
the turnover rates of chloride for the body as a whole ean be accelerated in 
direct proportion to the dietary intake of the ordinary chloride, provided that 
the renal function is adequate. Furthermore, with impairment of cardiac func- 
tion and progression of the state of congestive heart failure, the rate of chloride 
turnover decreased, and with the appearance of compensation and diuresis the 
turnover often exceeded the turnover of normal subjects on comparable intake 
of chloride. It was also possible with Cl°* to determine fairly accurately the 
appearance time of Cl** in the urine following the intravenous administration 
of the tracer and to study the influence of the lag in excretion of the tracer on 
estimation of urinary clearance. 

The percentage of chloride present in the body that was exereted over 
variable periods of time, determined through the medium of long-life radio- 
chloride, could not have been measured directly with ordinary chloride or Cl**. 
The marked diurnal and other variations in turnover rates and rates of excretion 
of chloride in the urine were also more clearly defined through use of Cl**. A 
knowledge of the biologic decay rates and influencing factors has connotations 
of importance not only in clinical medicine but also in atomic warfare and 
injuries due to radiochloride. By indirect inference the information gathered 
through the use of Cl** concerning Cl** metabolism can be applied for thera- 
peutic purposes to bromidism and the excretion of bromide. 


*Fleet’s Phospho-soda. 
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SUMMARY 

The excretion patterns of Cl°* have been studied in six subjects immediately 
following and for prolonged periods (thirty to seventy days) after a single rapid 
intravenous administration of 50 ve of the tracer. The concentration of Cl*’, 
sodium, and potassium was determined in the serum, urine, and other biologic 
fluids, and the volume of urinary output recorded. The stools were assayed 
only for Cl** exeretion. 

The time of appearance of Cl** in the urine following intravenous injection 
was found to vary from two to seven minutes in the five subjects. The rate of 
urinary excretion of chloride during the first ninety minutes was much less for 
the subjects with congestive heart failure than for the control subjects. There 
was an inverse relationship between the rate of excretion and the body weight 
of the patient, the relationship being different for the subjects with severe con- 
gestive heart failure than for the control subjects and subjects with mild or 
moderate congestive heart failure. 

From 95 to 99 per cent of the injected tracer was recovered from the three 
subjects who were studied for seventy days. This is significant in the determina- 
tion of the quantity of radiation to the tissues of man from Cl*®. Furthermore, 
this shows that no significant amount of Cl*® is ‘‘permanently’’ bound in com- 
partments that fail to communieate with the exchanging compartments and sub- 
ject to the excretory action of the kidneys because most of the recovered chloride 
was in the urine. Incidentally, 1 to 4 per cent was recovered in the stools of 
the control subjects. 

The patterns of daily excretion of Cl*° in the urine and stool were presented 
and indicated that variations in excretion of chloride may be produced by 
changes in the intake of the electrolyte, administration of sodium bicarbonate, 
mercurial diuretics, and other drugs, or changes in the physiologic state. It 
was noted that the subjects with congestive heart failure manifested a greater 
excretion of chloride after mereurial diuretics and maintained this increased 
rate of exeretion longer than the control subjects who showed a ‘‘rebound”’ 
retention of Cl* and Cl** the day following the administration of the diuretic. 
On both low and high chloride diets, the control subject excreted more chloride 
than the subjects with congestive heart failure except during periods when the 
latter subjects were in the process of compensation or massive diuresis initiated 
by either therapeutie or spontaneous factors. 

There were certain discrepancies noted between the rates of excretion of 
Cl’ and Cl*®° which have been discussed in previous reports relating to the 
Phenomena of lags in rates of exchange and sequestration of chloride. These 
discrepancies have been shown to exist also between the specific activity of 
chloride in the urine and serum which may be explained by the same phenomena. 
The ratios of excretion of Cl** to excretion of Cl** and the specifie activity in 
the urine to the specific activity in the serum should be equal to each other by 
the nature of the caleulations. When they are not, errors in the selection of 
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data for analysis or in the analysis itself must have existed; however, deviation 
of these ratios from 1 can be explained by physiologic phenomena of lags and 
sequestration. 

It has also been demonstrated that, even when the clearance rates of sodium 
and. potassium were corrected for differences in intake and serum concentration, 
they were not equal to the urinary clearance of chloride. A notable discrepancy 

_was obtained during the period of ammonium chloride administration. The 
corrected sodium clearance exceeded that of chloride indicating that relative 
to dietary intake a greater amount of sodium is being excreted. During sodium 
bicarbonate administration the same pattern was present because of increased 
sodium excretion and decreased chloride excretion. 

The daily balance data for chloride, sodium, and potassium showed the pat- 
terns to conform with the observations concerning the excretory rates. When 
the daily balance was accumulated over long periods of time, the net balance 
figures were positive for most subjects, indicating that inaccuracies existed, 
probably due in part to estimations of intake calculated from tables of electrolyte 
content of foods as well as the loss of electrolytes by routes not studied. 

The hourly variations following the administration of 7.5 Gm. of sodium 
chloride indicated that the subjects with congestive heart failure were not able 
to excrete administered salt as readily as the control subjects. This observation 
and the relationship noted to exist for the immediate excretion of Cl** and body 
weight suggest the possibility of the development of electrolyte excretory func- 
tion tests as indicators of cardiorenal function in congestive heart failure. 


























Finally, it is quite obvious that many aspects of Cl** metabolism already 
known have been verified or elucidated through these studies of Cl°* metabolism. 
Because of the ease with which Cl** measurements can be made in biologie fluids 
of many types, it was possible in these studies to make many and frequent 
measurements of Cl** in red cells, serum, pleural fluid, stools, sputum, and sweat. 










REFERENCES 


. Ray, C.. T., Burch, G. E., and Threefoot, S. A.: Biologic Decay Rates of Chloride in 
Normal and Diseased Man, Determined with Long-Life Radiochloride, Cl36, J. Las. 
& CLIN. MED. 39: 673-696, 1952. 

2. Threefoot, S. A., Burch, G. E., and Ray, C. T.: Chloride ‘‘Space’’ and Total Exchanging 
Chloride in Man Measured With Long-Life Radiochloride, C186, J. LAB. & CLIN. MED. 
42: 16-33, 1953. 

3. Burch, G. E., Ray, C. T., and Threefoot, S. A.: Some Theoretic Considerations of 

Electrolyte Space Measured by the Tracer Method in Intact Man, J. Las. & CLIN. 
MED. 42: 34-57, 1953. 

4. The Canned Food Reference Manual, ed. 2, Rogers-Kellog-Stillson, R. W. Pilcher, Editor 
in chief, New York, 1943, American Can Co. 

. Love, W. D., and Burch, G. E.: Plasma and Erythrocyte Sodium and Potassium Con- 
centrations in a Group of Southern White and Negro Blood Donors, J. LAB. & CLIN. 
MED. 41: 258-267, 1953. 

6. Schales, O., and Schales, S.: A Simple atid Accurate Method for the Determination of 
Chloride in Biologic Fluids, J. Biol. Chem. 140: 879-884, 1941. 

. Burch, G. E., Ray, C. T., and Threefoot, 8S. A.: Estimation of the Time of Equilibrium 
of Distribution of Long-Life Radiochloride and Radiosodium in Man With and 
Without Chronic Congestive Heart Failure, Acta med. scandinav. 142: 329-341, 1952. 

8. Burch, G. E., Reaser, P. B., Ray, C. T., and Threefoot, 8S. A.: A Method of Preparing 
Biologie Fluids for Counting of Radioelements, J. LAB. & CLIN. MED, 35: 626-630, 

1950. 



















or 








“J 







pines J CHLORIDE EXCRETION AND CONGESTIVE HEART FATLURE 701 
Number 


. Burch, G. E., Threefoot, S. A., and Reaser, P. B.: Some Aspects of Renal Excretion of 
Na24 by Normal Subjects and by Patients With Congestive Heart Failure, Stanford 
M. Bull. 6: 81-87, 1948. 

. Milnor, Pervis, Burch, George, Ray, Thorpe, Threefoot, S., and Berenson, Gerald: Con- 
siderations of Renal, Hepatic, and Extremital Arteriovenous Differences in Con- 
centration of Radiomereury of a Mercurial Diuretic, J. Clin. Invest. 29: 72-86, 1950. 

. Threefoot, S., Burch, George, and Reaser, Paul: The Biologic Decay Periods of Sodium 
in Normal Man, in Patients With Congestive Heart Failure, and in Patients With 
the Nephrotic Syndrome as Determined by Na22 as the Tracer, J. LAs. & CLIN. MED. 
34: 1-13, 1949. 

2. Burch, G. E., Threefoot, S. A., and Cronvich, J. A.: Theoretic Considerations of 
Biologic Decay Rates of Isotopes, J. LAB. & CLIN. MED, 34: 14-30, 1949. 

3. Marinelli, L. D., Quimby, Edith H., and Hine, G. J.: Dosage Determination With Radio- 
active Isotopes. II. Practical Considerations in Therapy and Protection, Am. J. 
Roentgenol. 59: 260-281, 1948. 

. Pitts, R. F., and Axelrod, D. R.: A Chloride Bicarbonate Shift in Body Cells, Presented 
at the American Physiologie Society, Sept. 4, 1952, at New Orleans, La. 

15. Sims, E. A. H., Welt, L. G., Orloff, J., and Needham, J. W.: Asymptomatic Hyponatremia 
in Pulmonary Tuberculosis, J. Clin. Invest. 29: 1545-1557, 1950. 

3. Verney, E. B.: Absorption and Excretion of Water. The Antidiuretic Hormone, Lancet 
2: 781, 1946. 

3ureh, George, Ray, Thorpe, Threefoot, 8., Kelly, F., and Svedberg, A.: The Urinary 
Excretion and Biologic Decay Period of Radiomercury Labeling a Mercurial Diuretic 
in Normal and Diseased Man, J. Clin. Invest. 29: 1131-1138, 1950. 








THE UTILIZATION OF AMINO ACID NITROGEN FOLLOWING 
TRAUMA 
II. FurtTHER STUDIES 
Ricuarp L. Burt, Px.D., M.D. 
WINSTON-SALEM, N. C. 
WITH THE TECHNICAL ASSISTANCE OF C. A. KIMEL AND H. R. FALLERS, JR. 









INTRODUCTION 






N A previous study! it was reported that amino nitrogen retention in the 
plasma following parenteral injection of L-lysine monohydrochloride occurred 
in the dog after trauma (laparotomy). This phenomenon was characterized by 
retardation of the rate of disappearance of intravenously administered amino 
nitrogen in the plasma, the defect persisting for about ten days following 
operation. During the postoperative period there was a gradual return to normal 
rates of utilization. On the basis of results showing apparently normal liver 
function (as tested by bromsulphalein), unaltered plasma protein concentration, 
and failure to induce the defect by premedication and anesthesia in the absence 
of surgical injury, it was suggested that such a physiological defect may have 
resulted from impairment of the normally rapid rate of tissue fixation of the 
amino nitrogen which was originally described by Van Slyke and Meyer.2 This 
report is concerned with further studies of plasma amino nitrogen utilization 
following injury. 














EXPERIMENTAL 










Adult mongrel dogs in apparent good health were employed throughout. Animals 
received from the pound were held for a period of approximately two weeks prior to experiment 
during which time they were deparasitized and observed for any evidence of infection. 
Purina or Pillsbury’s dog chow was used as the basic ration with supplements of raw meat. 
No effort was made to control or quantitate dietary intakes. Laparotomy was performed 
under Nembutal anesthesia with morphine-atropine premedication.2 All incisions healed 
per primaum. Certain dogs were ‘‘conditioned’’ by maintenance at kennels with added exer- 
cise periods and more liberal meat supplements daily for periods of two weeks prior to 
experiment. 

As previously described,! each dog served as its own control, loading curve determina- 












tions being obtained during the preoperative and postoperative periods. Following the 






withdrawal of venous blood from the foreleg, intravenous injection of pL-alanine, L-lysine 
monohydrochloride, or casein hydrolysate in-0.9 per cent saline was made in the saphenous 
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vein. Blood samples were collected with minimal stasis at five- and ten-minute intervals 
following parenteral administration of the amino acid preparation. Connaught heparin was 
routinely employed as anticoagulant. In additional experiments, serum rather than plasma 
was used for the loading tests. 

Plasma protein concentration was determined by the method of Phillips and associates.‘ 
The ninhydrin-manometric method was used for the determination of free alpha amino 
nitrogen in plasma.5,6 Values are considered accurate to + 1 per cent at the levels of amino 
nitrogen encountered. Alanine nitrogen was determined in tungstic acid filtrates with an 
accuracy of + 0.05 mg. per cent by the method of Alexander and Seligman? as modified by 
Christensen. Plasma urea nitrogen was estimated by a steam distillation technique.1 

The effect of larger doses of t-lysine monohydrochloride on postoperative amino 
nitrogen retention of the plasma was tested (6.0 and 10.0 mg. alpha amino nitrogen per 
kilogram of body weight). A dispensable amino acid (DL-alanine) was employed to deter- 
mine possible differences in its rate of utilization following injury as contrasted to lysine. 
In addition, in certain loading curve experiments the concentration of alanine-N was deter- 
mined after DL-alanine administration. As the parenteral use of a single crystalline amino 
acid might be considered unphysiological from a nutritional standpoint, a casein hydrolysate 
preparation was employed in additional experiments. 

Five animals were operated upon for the second time after a suitable convalescent 
period of one to two months and loading curve determinations were again performed to test 
response after repeated injury. In an additional experiment, one animal was studied before 
and after operation with regard to blood urea nitrogen levels following the administration 
of L-lysine monohydrochloride (6.0 mg. alpha amino nitrogen per kilogram). To estimate 
the role of dietary restriction during the pgstoperative period as a possible factor in the 
production of plasma amino nitrogen retention, three dogs were starved for 120 hours and 
loading experiments were performed daily with 3.0 mg. per kilogram alpha amino nitrogen 
as L-lysine monohydrochloride. 

RESULTS 

The results obtained with lysine (Table 1) show that following laparotomy 
there was a disturbance in the rate of utilization of total alpha amino nitrogen 
which was most marked within the first forty-eight hours as was originally 
reported for lower dosage levels. This is indicated by a larger increment in 
the postoperative ten-minute plasma values as contrasted to those obtained 
during the preoperative control periods. Within the dosage limits used, increase 
in the amount of amino acid injected did not result in proportionately higher 
plasma amino nitrogen levels either pre- or postoperatively. With larger doses, 
however, the defect in utilization after injury was apparent for somewhat 
longer periods. The results with 6.0 and 10.0 mg. per kilogram doses were 
quite similar. In subsequent observations with lysine, as well as alanine, some 
variation in the degree of postoperative amino nitrogen retention as well as 
variance in the persistence of this alteration in the rate of utilization have been 
observed. Although the response to loading tests with pi-alanine at levels 
between 4.0 and 10 mg. per kilogram did not differ significantly from the results 
obtained with lysine, ‘‘retention’’ was not found for casein hydrolysate (Table 1). 
Total plasma protein concentration was not found to be affected by the surgical 
procedure employed. Except for slightly higher individual values for amino 
nitrogen, the studies on serum did not vary significantly from those in which 
plasma was employed. 
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EFFrect oF LAPAROTOMY ON PLASMA AMINO NITROGEN RETENTION FOLLOWING 
ADMINISTRATION OF 10.0 MG. PER KILOGRAM ALPHA AMINO NITROGEN 


TABLE I. 























L-LYSINE MONOHYDROCHLORIDE CASEIN HYDROLYSATE 

























| PRE- OR | | PRE- OR | 
POST- | | | POST- 
| OPERA- | PLASMA AMINO NITROGEN | | OPERA- PLASMA AMINO NITROGEN 
poe | vive | (MG. PER 100 ML.) | poo | mive |_ (MG. PER 100 ML.) 
NO. | DAY | O MIN. | 5 MIN. | 10 MIN.| No. | DAY | O MIN. | 5 MIN. | 10 MIN. 
6 13 4.57 6.11 5.01 9 7 4.80 8.16 6.82 
M 7 4.69 6.29 19 F 5 4.60 6.15 D.00 
1 4.53 5.96 5.35 






5 
4 4.56 5.87 5.30 
| 


Laparotomy 





2 4.64 5.65 5.94 2 4.34 6.38 5.60 
4 4.53 5.79 5.95 4 4.56 7.42 7.46 
7 4.63 5.71 5.78 | 7 4.69 7.35 6.19 
9 4.73 6.48 6.20 | 9 4.54 6.45 5.73 
14 4.68 6.11 5.75 | 
9 13 4.47 5.70 492 | 20 7 4.94 7.04 6.04 
F 7 4.35 5.55 480 | M 5 4.78 6.74 6.25 
4 4.37 5.71 5.00 | 1 5.03 6.57 5.83 





Laparotomy 






2 4.49 5.68 5.81 2 4.84 6.41 5.68 
4 4.55 5.37 5.69 4 4.81 6.47 5.91 
7 4.32 5.72 5.68 7 4.92 6.67 5.72 
9 4.40 5.88 5.72 9 4,98 6.68 5.98 
14 4.44 5.90 5.63 
21 13 4.50 5.96 5.08 21 7 4.38 6.42 5.42 
M 7 4.39 6.00 5.22 | M 5 4.51 6.26 5.28 
4 4.26 5.64 5.08 | 4,28 6.47 5.51 





Laparotomy 








2 4.34 5.38 5.66 2 4.19 6.36 0.88 
4 4.52 9.02 5.68 4 4.33 6.31 9.73 
7 4.51 6.04 6.02 7 4.41 6.97 0.73 
9 4.49 5.86 5.68 9 4.38 6.80 5.37 
14 4.59 6.02 5.66 










In one animal blood urea nitrogen levels before as well as after operation 
were found to vary within narrow limits during the ten-minute period follow- 
ing injection of 6.0 mg. per kilogram alpha amino nitrogen as L-lysine mono- 
hydrochloride. After a suitable recovery period amino nitrogen retention in the 
plasma was again demonstrated in five dogs subjected to second laparotomy. 








Results of loading determination made with t-lysine monohydrochloride 
during starvation (3 mg. alpha amino nitrogen per kilogram) are shown in 
Table II. Fasting up to 120 hours was not productive of amino nitrogen reten- 
tion in the plasma. During this period the total protein concentration of plasma 
and the fasting plasma amino nitrogen values were quite constant. Each aimal, 
however, lost about two kilograms in body weight. We have regularly observed 
similar invariability of fasting plasma amino nitrogen and plasma_ protein 
concentration throughout control and experimental periods although the animals 
usually incurred a small weight loss during the immediate postoperative period. 









The results of loading curve determinations with pL-alanine between 5 and 
10 mg. per kilogram as alpha amino nitrogen before and after laparotomy are 
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TABLE II. Errect oF STARVATION ON PLASMA AMINO NITROGEN RETENTION FOLLOWING 
PARENTERAL INJECTION OF 3.0 MG. PER KILOGRAM ALPHA AMINO NITROGEN 
(L-LYSINE MONOHYDROCHLORIDE ) 





| PLASMA AMINO NITROGEN 
BODY WEIGHT (MG. PER 100 ML.) 


DOG NO. | DAYS OF | (KG. ) 0 MIN. | 5 MIN. | 10 in. 


15 24.0 4.55 5.45 4.90 
M ~ See See 
4.62 4.80 
4.35 5.46 4.66 
4.53 D.07 5.19 
4.41 5.46 5.09 
4.37 5.55 4.99 
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*Broken line indicates time interval of 1 week. 


shown in Table IIT. It is apparent that at the dosage levels of aloha amino 
nitrogen employed, trauma tended to retard the normal decrease in alanine 
nitrogen concentration of plasma in the five- and ten-minute interval following 
administration. This effect was not found, however, for Dog 7A in which the 
five- to ten-minute decrement in plasma amino acid concentration was actually 
greater following the surgical procedure (absence of retention). ‘‘Conditioned’’ 
animals exhibited no essential difference in response to loading after laparotomy. 


DISCUSSION 


In the original study concerning the effect of trauma on the rate of dis- 
appearance of amino acid nitrogen following parenteral administration in dogs 
it was found that consistent and significant retention of total free alpha amino 
nitrogen was characteristic of the early posttraumatic state. The present study 
confirms the essential features of the original observations, although variability 
in both the degree and occurrence of amino nitrogen retention has been observed. 
With special reference to the effect of trauma on the plasma concentration of 
the individual amino acid pi-alanine it was found that not only is total amino- 
nitrogen retained as previously described, but this change is associated with a 
parallel delay in the disappearance of alanine-N itself. 

The absolute amount of amino nitrogen retained in the plasma following 
parenteral administration of lysine is not found to be proportional to the dose 
of the amino acid given, however, either before or after trauma. Increments 
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III. Errect oF pL-ALANINE LOADING BEFORE AND FOLLOWING LAPAROTOMY 








| PREOPERATIVE 7 i — weer 
OR POSTOPERA- ALANINE-N (MG. PER 100 ML. PLASMA) 


DOG NO. TIVE DAY v. 5d MIN. | 10 MIN. 


1A* 18 i 2.04 1.89 
M 13 ‘ 217 1.76 
7 : 2.26 1.86 








Laparotomy 


0.50 
0.50 


0.44 
0.69 


Laparotomy 
-0.09 
3 : —0).44 
6 36 . —0.47 
2 of E —0.25 
Laparotomy 


1 0.66 

2 0.47 
*5 mg. per kilogram alpha-amino-N 
410 mg. per kilogram alpha-amino-N 








proportional to dosage, as reported by Silber and associates® for amino acid 
mixtures, might have been obtained by use of a continuous infusion technique 
with greater total amounts of amino acid per loading determination. 


The maintenance of increased plasma amino nitrogen values following load- 
ing as indicative of retention does not necessarily involve the assumption that 
the increase is derived solely from the injected material. Analyses of individual 
amino acids in the plasma after administration indicate that fairly rapid 
interconversion may occur’? and the release of other amino acids by the 
tissues in response to the injection of a single compound or unbalanced amino 
acid mixture conceivably could contribute to the amino nitrogen values deter- 
mined. Contrary to the latter view, however, is the study of Hier’? showing 
that the injection of leucine, iso-leucine, or methionine produced a significant 
decrease in the concentration of certain amino acids in the plamsa, although the 
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effect of alanine and lysine was not investigated. The fact that apparent 
utilization of pi-alanine as well as L-lysine is disturbed by trauma raises the 
question as to whether the defect described is limited to individual or to certain 
combinations of amino acids, a definitive answer to which must await further 
studies. 


Our failure to demonstrate a consistent posttraumatic amino-nitrogen reten- 
tion with casein hydrolysate, in contrast to lysine and alanine, might be inter- 
preted as indication of normal utilization of the hydrolysate preparation follow- 
ing injury. On the other hand, it is possible that defective utilization of certain 
constituent amino acids in the mixture may have escaped detection inasmuch as 
total amino nitrogen rather than individual amino acid concentrations in the 
plasma was measured. In the absence of further evidence, a conclusive explana- 
tion of the dissimilar responses of individual amino acids and casein hydrolysate 
after injury is not possible. 

The method employed for the determination of alpha amino nitrogen in the 
plasma requires that the values obtained in a given analysis be corrected for 
blood urea nitrogen,° this correction amounting to about minus 0.1 mg. per 100 
ml. plasma. The demonstration in one animal that blood urea nitrogen did not 
vary appreciably during the loading experiments tends to exclude increases in 
urea nitrogen as accounting for the posttraumatic amino nitrogen retention 
described. This is consistent with the data of Goettsch and associates'® showing 
only small inerements in blood urea nitrogen following the administration of 
somewhat larger doses of amino nitrogen than were employed in our studies. 


The absolute amount of amino nitrogen retained in the plasma in conse- 
quence of injury constitutes but a small percentage of the total amount admin- 
istered in the individual loading tests. As determined by the Theory of Runs,”* 
however, the combined probability of the differences between the five- and ten- 
minute levels arranging themselves in the fashion observed (Table I) is much less 
than 0.01. This retention may be related to the known disturbance of total nitro- 
gen metabolism resulting from trauma.’” 7* From calculations based on data of 
Gibson and his co-workers" of an estimated plasma volume of 5.4 per cent of the 
body weight, between 80 to 95 per cent of the injected amino nitrogen is removed 
from the cireulating plasma within five minutes, a finding consistent with the 
data obtained by other workers for certain amino acids and amino acid mix- 
tures.” 15, 16 

In this study no attempt is made to maintain the animals on an isocalorie 
dietary, nor were quantitative determinations of food consumption made during 
the experimental periods. Our data, however, show that starvation up to five 
days had no apparent effect on the utilization of amino nitrogen administered 
as L-lysine monohydrochloride. This observation appears to exclude a dietary 
influence in production of amino nitrogen retention following surgical injury 
and contrasts with the data of White and associates” who reported an increased 
rate of incorporation by the tissues of N-15 as glycine in fasting mice. No sig- 
nificant change in plasma amino nitrogen occurred during the five-day starvation 
period, a finding consistent with the earlier observation of Van Slyke and Meyer.” 
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Although physical condition and nutritional status appear to be related to 
posttraumatic nitrogen wastage in the human being,’ *! additional activity and 
higher protein intakes were without effect on amino nitrogen retention under the 
conditions of these experiments. Moreover, the release of amino acid nitrogen by 
the clotting mechanism of blood?? cannot account for the results obtained in 
loading curve determinations as evidenced by failure to obtain increased retention 
when serum rather than plasma was employed. The variable degrees of retention 
occasionally observed suggest that other factors are present which can affect the 
posttraumatic utilization or tissue fixation of amino acids, factors that may bear 
on the occurrence of variance in total nitrogen metabolism in association with 
traumatic states in the human being.'* 7". The diversity of alternative metabolic 
pathways available for the utilization of alanine?* suggests the complexity of 
the problem of nitrogen wastage (metabolism) in response to trauma and may 
be related to the variation in the degree of alanine-N retention which we 
















have observed in the posttraumatic state. 







SUMMARY 





1. In extension of a previous report, posttraumatic nitrogen retention has 
been demonstrated with increasing doses of L-lysine monohydrochloride. The 
degree of retention was not found to be proportional to the dose of amino acid 
administered, and the absolute amount of retained amino nitrogen was small. 
The effect could be repeatedly demonstrated in the same dog following a suitable 








postoperative recovery period. 






2. Similar retention of amino nitrogen in plasma after injury has been 
found with pu-alanine, but not with a casein hydrolysate preparation. Deter- 
minations of alanine nitrogen per se suggest that the amino nitrogen retention 








observed is perhaps accountable on the basis of defective utilization of the in- 





dividual amino acid administered. 
3. Starvation for the period of 120 hours had no significant effect on the 
plasma amino nitrogen concentration or on amino nitrogen loading responses. 







4. As previously observed, operative trauma was without effect on the post- 





absorptive plasma amino nitrogen concentration. 
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ARNOLD M. SELIGMAN, M.D. 

Boston, Mass. 


OUSSAY? has recently reviewed the results of experiments regarding the 

effect of sex hormones in experimental diabetes. Following subtotal 
pancreatectomy a greater percentage of male rats than female rats developed 
diabetes. In explanation of these results, it was observed that the administra- 
tion of estrogens stimulated the islands of Langerhans resulting in the pro- 
duction of new beta cells at the expense of the centro-acinar cells. These 
experiments pointed out the possibility of treating clinical diabetes with 
estrogens. The undesirable side effects of the estrogens themselves made it 
important to find structurally related drugs without estrogenic¢ activity. 

Griffiths and Young? showed that stilbesterol (4,4’-dihydroxy-a, B-diethyl- 
stilbene) induced a substantial increase in the insulin content of the pancreas. 
Griffiths’ tested several substituted stilbenes, including a-methyl stilbene 
(AMS). The latter compound had previously been shown to be nonestrogenic 
in large doses by Dodds, Fitzgerald, and Lawson.‘ Griffiths’ confirmed this 
observation. He also demonstrated that when this substance was injected 
subeutaneously into rabbits, a marked increase in the insulin content of the 
pancreas resulted. Three treated animals were found to have an average of 
24.49 units of insulin per gram of pancreas, while five controls averaged 5.20 
units. The insulin was assayed by the method of Marks and Pak.’ The blood 
sugar values of the rabbits were essentially in the normal range. 

The present communication reports observations made on rats, dogs, as 
well as rabbits, for changes in the insulin content of the pancreas after the 
injection of a-methyl stilbene. Also reported are experiments to test the 
effect of AMS on the glucose tolerance curves of both normal rabbits and 
those made diabetic with alloxan. 


MATERIAL AND METHOD 


Synthesis of a-Methyl Stilbene—Benzyl magnesium chloride was allowed to react with 
acetophenone® and the resulting complex was decomposed with a saturated solution of 
ammonium chloride. The product of the reaction, benzyl, phenyl, methyl carbinol was 
extracted from the precipitated magnesium chloride with petroleum ether. The combined 
organic solvents containing the carbinol were removed by distillation and the earbinol 
was dehydrated by refluxing for five hours with glacial acetic acid containing 0.3 per cent 
of concentrated sulfuric acid. Upon cooling, crude a-methyl stilbene separated in crystals. 
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The supernatant fluid was extracted with petroleum ether to recover additional crude com- 
pound. The combined crude products were recrystallized from ethanol in white platelets 
melting at 80° to 81° C.; uncorrected, yield 70 per cent, literature melting point 82° to 83°.6 

Preparation of Pancreatic Extracts for Insulin Assay.—Alpha methyl stilbene was dis- 
solved in olive oil and injected into animals subcutaneously for varying periods of time. 
Controls were injected for an equal length of time with the same amounts of olive oil. 
In some of the early experiments an insulin extraction method* (A) was employed which 
used evaporation under reduced pressure. This method did not give uniform results in 
our hands and for that reason the method (B) of Scott and Fisher? was used instead in 
later assays. Dilutions were made with U.S.P. insulin diluting fluid. 

The procedure for the original extraction method, although later abandoned, is given 
briefly below: 

The pancreas was weighed and 30 ml. of 70 per cent ethyl alcohol containing 0.01 ml. 
of H,SO, was added per gram of tissue. The mixture was quickly homogenized in a 
Waring Blendor and centrifuged immediately. An aliquot of the supernatant fluid was 
carefully measured and evaporated in a distillation flask provided with a capillary inlet 
of air under reduced pressure obtained with a water pump until a thick syrup was obtained. 
The residue was removed with a pipette; its volume carefully measured, transferred to an- 
other distillation flask, and diluted with absolute ethyl alcohol to 92 per cent by volume. 
The traces of residue left in the original flask were rinsed out quantitatively with 92 per 
cent aleohol. The total volume of the combined fluids was recorded and one and one-half 
volumes of ether were added. After standing overnight in the icebox the insulin pre- 
cipitated out. Most of the supernatant fluid was removed with a pipette and discarded. 
The residue was evaporated under reduced pressure until all the alcohol was removed. 
The residual solution was diluted so that each milliliter contained 0.20 unit of insulin based 
on the assumed insulin content of the extracted pancreas. 


Insulin Assay.—The extracted insulin was assayed by the method of Young and 


Lewis.2 In this method mice are placed in a drum tilted at 45° and rotated with a speed 
of 3 r.p.m. The number of mice dropping off in one hour are counted. Mice which had 
received a hypoglycemic dose of insulin lost their hold on the revolving screen, dropped 
into metal baskets, and revived themselves by eating the food placed therein. Female 
mice weighing between 20 and 30 grams were used in order to minimize variation. The 
extreme weights in any group of mice used for a particular assay did not vary by more 
than 5 grams. The mice were also preselected to exclude those that dropped off even 
though not injected with insulin. This was done by testing each new batch of mice after 
eighteen hours without food, having free access to water, and excluding those that fell 
off during a period of one hour. In a typical assay, thirty-six fasting mice (eighteen 
hours) were injected subcutaneously with a single dose of the standard preparation or the 
preparation of unknown insulin content in a volume of 0.25 ml. per mouse. Then separate 
batches of mice were tested with two doses each of the standard preparation and the 
preparation of unknown insulin content. Standard preparations were made in which the 
highest dose was three times that of the lowest. A similar ratio was also employed with 
the unknown. The standard insulin dose per mouse was 0.0166 and 0.0500 unit. The pan- 
creatic extracts were diluted to the same levels of activity based upon the assumed 
poteney of the pancreatic extracts. The normal level of activity of pancreas for various 
Species tabulated by Haist!® was the basis for the computation of the required initial 
dilutions and corresponded to the values of our controls. When sufficient extracted insulin 
was available, assays were repeated several times. Computation of the relative potency of 
the unknown as compared to the standard and its statistical significance was made by the 
graphic method of Litchfield and Wilcoxson.11t 


*The procedure used was modified from a procedure suggested by Dr. F. B. Peck of Eli 
Lilly & Company in a personal communication to Dr. Samuel B. Beaser. 

*+Some of the pancreases were also stained by the histochemical method of Barrnett and 
Seligman, 4 for demonstrating the disulfide groups of insulin. No differences in the intensity 
of staining of islet cells could be detected histochemically between the controls and the experi- 
mental animals with their method. 






































GREEN, BEASER, AND SELIGMAN J. Lab, & Clin. Med 

November, 1954 
RESULTS 
Results With Rabbits—The initial experiments were made with a group 
of nine normal rabbits weighing between 1.8 and 4.5 kilograms. Five rabbits 
were injected with 20 mg. of AMS in 0.25 ml. fresh olive oil, five days per 
week for four weeks until a total of 400 mg. had been injected. <A control 
group of four rabbits were injected with olive oil alone. In these experiments 
the pancreases were extracted by method A. These rabbits as well as rabbits 
that had neither AMS nor olive oil all showed the same level of insulin activity 
in their pancreases. 

In another group of nine rabbits, larger doses of AMS were injected. 
Those weighing under 3 kilograms received 40 mg. and those weighing over 
3 kilograms received 80 mg. These animals received injections five times 
weekly for four weeks (total 800 to 1,600 mg.) and others were injected for 
an additional eight weeks (total 2,400 to 4,800 mg.) before assay. Control 
animals were injected with olive oil alone. Ina further experiment to evaluate 
sex differences, two male rabbits and two female rabbits each weighing 4 
kilograms were injected with a total dosage of 400 mg. of AMS per week for 
a total of four weeks (total dose 1,600 mg.). <A similar group of controls 
received olive oil. In this and in succeeding experiments, the insulin extrac- 
tion method (B) of Scott and Fisher’ was used. No statistically significant 
differences in insulin activity were noted in any of the animals. 

Results With Rats and Dogs.—Ten male and ten female rats, each weigh- 
ing between 200 and 250 grams, were injected twice weekly with 33 mg. of 
AMS in 0.25 ml. of olive oil for a period of three weeks. A similar group of 
controls were injected with olive oil simultaneously. Several pancreases 
were pooled in order to get sufficient material for an assay. 

Three male and three female dogs, the former weighing an average of 
8.8 kilograms and the latter, 7.7 kilograms, were injected with 200 mg. of 
AMS in olive oil five times weekly. Two male and two female controls were 
simultaneously injected with olive oil. An initial group of experimental and 
control animals were sacrificed after a period of three months and the last 
animals after nine months. 

No statistically significant differences could be observed in the insulin 
contents of the pancreases of the treated and control animals in any of the 
experiments described previously. 

Effect of AMS on Carbohydrate Metabolism.—Method: In the following 
experiments, the blood sugar method used was the Hoffman micromethod” 
modified to yield a larger filtrate by using 0.2 ml. of venous blood in 6 ml. 
of tungstate-precipitating solution. The AMS was given intramuscularly as 
a 10 per cent solution in peanut oil. Some heat was required to dissolve the 
AMS prior to injection. 

All rabbits were nonpregnant females, 2.5 to 2.9 kilograms in weight, and 
were on a diet of rabbit pellets ad libitum supplemented by green vegetables. 
In the experiments in which alloxan was injected to produce diabetes, glucose 
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was added to the water for thirty-six to forty-eight hours thereafter. All 
elucose tolerance tests were performed with 25 per cent dextrose in distilled 
water injected intravenously in a dose of 0.25 Gm. per kilogram body weight 
and blood was taken for glucose determinations at fasting 0.5, 1, and 2 hours 
after injection. 

Results in Normal Rabbits—Four animals were given AMS for sixty- 
three days, two at a dosage level of 25 mg., and 2 at 50 mg. per day. There- 
after all four received no medication for sixty-three days, and finally all 
received another series of injections of 75 mg. for sixty-three more days. 
(Glucose tolerance tests were performed before, at days 42 and 63 of the first 
course; at 30, 58, and 63 days in the interval between courses; and at days 
21, 42, and 63 of the second course of therapy. No statistically significant 
alteration in the glucose tolerance test resulted from the administration of 
AMS. 

Diabetic Rabbits—Severe diabetes was produced by the intravenous 
administration of a 5 per cent aqueous solution of alloxan (150 mg. per 
kilogram). Many animals died, and some had a remission of their disease. 
Three severely diabetic animals were followed for four to eight weeks, then 
\0 mg. of AMS was administered daily for two months and then they were 
followed for a minimum of two more months. They required from 2 to 16 
units of protamine zine insulin for survival and maintenance of health. Blood 
sugar determinations were performed two to three times weekly. 

Milder diabetes was produced by the injection of smaller doses of alloxan, 
50 to 60 mg. per kilogram. With this dosage level, diabetes frequently either 
failed to appear or was rapidly remitted. Accordingly, repeated injections, 
up to four, with the same or larger (50 to 90 mg.) doses were needed to 
achieve the permanent diabetes. Many animals had to be discarded because 
excessively severe diabetes sometimes resulted. Seven rabbits thus prepared 
were able to continue indefinitely without insulin or ill health. Their blood 
sugar levels ranged from 200 to 450 mg. per cent. These animals were ob- 
served for a base period of five months. The AMS was administered at a 


dosage level of 50 mg. daily for twelve weeks and then observations continued 
for another two to three months. 


In the diabetic rabbits, as measured by insulin requirements, blood sugar 
levels, or glucose tolerance tests, neither the severe nor the milder diabetic 
rabbits showed any change in their diabetes as a result of injection of AMS. 


SUMMARY AND CONCLUSIONS 


Under the conditions of our experiments, the injection of alpha methyl 
stilbene (AMS) in olive oil subeutaneously into rabbits, rats, and dogs did 
not cause any change in the insulin content of the pancreas contrary to re- 
sults as previously reported by Griffiths.* No changes were observed in the 
vlueose tolerance curves of rabbits similarly treated who had been made 
either severely or mildly diabetic with alloxan. 
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THE SERUM VITAMIN B,, CONCENTRATION IN 
PERNICIOUS ANEMIA 


ARNOLD A. LEAR, M.D.,* JoHN W. Harris, M.D.,** WiILuiAM B. 
Caste, M.D.,*** aNnp ELEANOR M. FLEMING, A.B. 
Boston, Mass. 


HE microbiologic determination of vitamin B,. in body fluids, using 

Euglena gracilis var. bacillaris, was first described by Ross.* Earlier 
Hutner? had shown that KHuglena exhibited a quantitative growth response to 
erystalline antipernicious anemia factor (vitamin B,.) when a synthetic me- 
dium was used. Harris,® Pitney and Beard,* and others have used this organ- 
ism to assay vitamin B,. in serum and in urine. Since the publication by 
Harris? of preliminary data from this laboratory, subsequent modifications 
have been made in the method employed. The intent of this presentation is 
to report recent results of microbiologic assays of serum using this organism. 


MATERIALS AND METHODS 


Sterile serum samples were obtained from patients and stored at -20° C. until as- 
sayed. Assays were set up according to the method of Ross,5 except that instead of a 
single dilution of each serum sample, serial dilutions were prepared for vitamin B,, esti- 
mation. Strict precautions were takené in order to eliminate contamination and to in- 
sure vitamin B,,-free glassware. After eight days in the synthetic medium’ containing 
added erystalline vitamin B,, growth of the standard inoculum was measured turbidimetri- 
cally. Comparison of growth responses effected by serum samples with those produced 
by known amounts of crystalline vitamin B, (USP Cyanocobalamin Reference Standard) t 
enabled estimation of the growth-promoting effect of serum for Euglena. Results are re- 
ported as vitamin B,, concentrations, assuming that the growth-promoting activity of serum 
is an index of its vitamin B,, content. Growth-supporting activity of native serum for 
Kuglena is maximal when the diluted serum, after being added to the medium, is heated to 
100° C. for 15 minutes. The total vitamin B,, concentration is thus determined. Values ob- 
tained prior to heating represent the so-called free vitamin B,, content of serum. The differ- 
ence between free and total vitamin B,, levels has been considered to indicate the amount of 
vitamin B,, loosely bound to serum protein. The capacity of human serum to bind vitamin 
B,, in vitro was estimated by adding various amounts of crystalline vitamin B,, to serum and 
assaying the resultant samples before and after dilution and heating. 


RESULTS 


Serum Vitamin B,. Concentrations —Assays of serum vitamin B,, content 
were done on normal subjects; on patients with pernicious and other nutritional 
lacroeytie anemias; and on patients with other miscellaneous conditions, includ- 
ing a group with hepatic cirrhosis (Table I). 
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TABLE I. SERUM VITAMIN B,, CONCENTRATIONS 








TOTAL VITAMIN By. LEVEL 























NUMBER OF MEAN + §.D.* 
GROUP SUBJECTS RANGE ( wuG/ML. ) 
Normal 20 292-856 Sse = 163 
Pernicious anemia in relapse ao 0-85 39 «+ 26 
Pernicious anemia in remission 22 123-1,330 bop | SBT 
Neurologic disease 14 195-760 439 + 170 
Achlorhydria 9 225-800 450 + 234 
Folie acid deficiency 12 148-557 307 + 130 
Hepatic cirrhosis 29 193-2,200 714 + 534 
Miscellaneous 40 115-1,029 - - 
*S.D. = Standard deviation. 


Normal Subjects—Serum samples from twenty healthy normal persons 20 
to 35 years of age yielded total vitamin B,, concentrations ranging from 292 
to 856 peg per milliliter with a mean concentration of 532. Free (unbound) 
vitamin B,, was found in all samples and ranged from 27 to 104 »ug per milli- 
liter. 

Patients With Pernicious and Other Nutritional Macrocytic Anemaas.- 
Assays were done on 45 serum samples obtained before treatment from 
thirty-three patients with a well-established diagnosis of pernicious anemia. 
Ineluded in this group were nine patients with combined system disease and 
pernicious anemia in hematologic relapse, as well as three patients with 
marked combined system disease and mild anemia who had been treated with 
oral preparations containing folie acid. In none of these samples was free 
vitamin B,. detected. Values for total serum vitamin B,. were observed rang- 
ing from 0 to 85 pyg per milliliter, with a mean of 39. 

Twenty-two patients with pernicious anemia in remission who were re- 
ceiving varied parenteral therapy had total vitamin B,, concentrations rang- 
ing from 123 to 1,330 ppg per milliliter with a mean of 525. Blood for these 
determinations was taken not less than four weeks after the last intramuscu- 
lar dose of vitamin Byp. 

Twelve patients with macrocytic anemia and megaloblastic bone marrows, 
all of whom responded to folie acid therapy, had levels ranging from 148 to 
DOT pug per milliliter with a mean of 307. 

Serum samples were also assayed from fourteen patients with neurologic 
evidence of posterolateral column disease without typical pernicious anemia. 
Of this group, five patients had no free hydrochloric acid before or after 
histamine stimulation. The total serum vitamin B,. levels ranged from 195 to 
760 pug per milliliter with a mean of 439. 

Nine patients with achlorhydria persisting after histamine administra- 
tion, some of whom had mild anemia, had total serum vitamin B,, concentra- 
tions ranging from 225 to 800 pug per milliliter with a mean of 450. 

Three additional patients (not reported in Table I) with macrocytic 
anemia had total serum vitamin B,,. concentrations of less than 100 pug per 
milliliter. One was a woman with macrocytic anemia associated with mal- 
nutrition and gastrointestinal malignancy on whom no further studies were 
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feasible. One was a patient who had had a total gastrectomy for peptic ulcers 
at a time when free gastric hydrochloric acid was present. The first vitamin 
3,2 level was obtained approximately two years postoperatively. This patient 
showed no hematopoietic response to daily oral doses of 5 wg of vitamin By», 
but subsequently responded to daily oral doses of a preparation containing 
an equivalent amount of vitamin B,, plus intrinsic factor concentrate.* The 
third patient had had a portion of his terminal ileum resected because of re- 
gional ileitis. His serum vitamin B,,. level was found to be low during a re- 
lapse, and was therefore treated with vitamin B,.. He responded hematopoiet- 
ically and has since required maintenance therapy with parenteral vitamin By». 

Patients With Other Conditions.—Assays of thirty-three sera from twenty- 
nine patients with hepatic cirrhosis showed a very wide range of total serum 
vitamin B,, concentrations, from 193 to 2,200 pug per milliliter. Five patients 
in this group had levels greater than 1,000 pug per milliliter without having 
received vitamin B,, therapy. The mean total concentration, including these 
extraordinarily high values, was 714 pug per milliliter; excluding values above 
1,000 pug per milliliter, the mean was 496 pug per milliliter. The free vita- 
min B,, levels were highly variable, ranging from 0 to 413 ppg per milliliter. 

Sera from a heterogeneous group consisting of forty patients with ane- 
mias associated with iron deficiency, malnutrition, myxedema, hemolytic syn- 
dromes, and various chronic diseases had total serum vitamin Bb,,. levels from 
115 to 1,029 pug per milliliter. 

TABLE II. Errect or 0.3 N NAOH anp BoILingc Upon Euglena GROWTH-SUPPORTING 


ACTIVITY OF SERUM 








i“ AVERAGE TOTAL VITAMIN 3, Euglena 
| NUMBER OF | ___—sLEVEL : ACTIVITY 
| DETERMINA- | BEFORE ALK a I | AFTER ALKALI DESTROYED 
| TIONS (mpG/ML.) | (muG/ML.) | (PER CENT) 


Saline with added vitamin 4 0 100 


Normal serum 4 ‘ 258 3! 

Pernicious anemia serum with 4 205 137 34 
added vitamin B,. 

High level serum 2 5 788 48 


Unusually High Concentration Levels (Table IT).—Since the five patients 
with hepatie cirrhosis who had vitamin B,,. concentrations greater than 1,000 
ug per milliliter had received no antecedent parenteral vitamin B,. therapy, 
further observations were carried out in order to determine whether this 
growth-supporting activity was due to compounds unrelated to vitamin By». 
For these observations serum was alkalinized with 0.3 N NaOH to pH>1]1, 
and thereafter was heated to 100° C. for 45 minutes. Prior to its use in serial 
dilutions, the serum was neutralized with 0.3 N hydrochloric acid. Assays 
done on normal sera and on sera with unusually high vitamin B,, levels showed 
that as a result of such alkalinization and heating, 39 and 48 per cent, re- 
spectively, of the Euglena growth-supporting activity had been destroyed. 
When erystalline vitamin B,. in saline was similarly alkalinized and heated, 


*Kindly supplied by Dr. Kenneth W. Thompson of Organon, Inc., Orange, N, J, 
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however, all Euglena growth-supporting activity had been destroyed. Crystal- 
line vitamin B,, was added to serum from four patients with pernicious ane- 
mia in relapse. These mixtures were similarly treated and thereafter estima- 
tion of Euglena growth-supporting activity indicated that only 34 per cent of 
the total activity had been destroyed. 

Growth Inhibition —In the course of routine analyses sera from three pa- 
tients were found which inhibited Euglena growth. Investigation disclosed 
that these patients had been receiving sulfadiazine or sulfisoxazole therapy. The 
total serum sulfadiazine levels* ranged between 18.2 and 22.2 mg. per cent. 
Addition of para-aminobenzoic acid (PABA) to the serum prior to assay de- 
stroyed the inhibitory effect (Table III). Subsequent studies performed with 
saline solutions of sulfisoxazole, PABA, and vitamin B,,. confirmed these ob- 
servations (Table IV). Sulfisoxazole in concentrations as low as 1.6 mg. per cent 
inhibited Euglena growth in the presence of vitamin B,,. Added PABA pre- 
vented this inhibition but neither pteroylglutamic acid (PGA) nor citrovorum 
factor had such a corrective effect upon the inhibitory action of sulfisoxazole. 
Normal serum to which sulfisoxazole was added also showed an inhibitory 
effect upon growth; however, addition of PABA corrected the inhibitory effect 
and Euglena growth was then proportional to the vitamin B,. content of the 
sample assayed. 


TABLE III. Stupy or INHIBITION OF Huglena GROWTH 








| PABA | PGA | CITROVORUM .| CHARACTER OF 
VITAMIN By, SULFISOXAZOLE | (1.25 | (100 | FACTOR | Euglena 
(250 wuG/ML.)| (20 uG/ML.) | pwG/ML.) UG/ML. ) (100 wG/ML. ) GROWTH 





+ —_ Normal 
Inhibited 
Inhibited 
Inhibited 

Normal 

Normal 

+ Normal 

+ + Normal 





Saline dilutions of the substances indicated by + were assayed in the manner described. 


TABLE IV. StTupy oF INHIBITION OF EHuglenad GROWTH BY SERUM 








SERUM | SERUM By, 
ADDED SULFA LEVEL ADDED | CHARACTER OF | LEVEL (FREE/ 
PATIENTS’ VITAMIN By». (MG. PER PABA Euglena TOTAL ) 
SERUM (200 wue) CENT ) | (1.25 MG./ML.) | GROWTH | (mpeG/ML. ) 
M. C. 22 Inhibited - 
22 + Normal 12/220 
Wi igs 18 Inhibited 
18 a Normal 100/405 
C.S8. 20 Inhibited 
20 + Normal 0/10 
+ 20 , Inhibited 
+ 20 + Normal 13/210 











Each tube contained serum plus added vitamin Br and/or PABA as indicated by +. 


Serum Binding Capacity—Studies were undertaken in order to compare 
the capacity of normal and of pernicious anemia sera to combine with vita- 
min By,» in vitro (i.e., the sum of naturally present and of added vitamin B.» 
found to be unavailable to E. gracilis unless the serum is heated). Serum 
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samples from patients with pernicious anemia in relapse were mixed with 
equal volumes of 0.85 per cent saline containing amounts of vitamin B,,. rang- 
ing from 200 to 1,000 pug per milliliter. The concentration of total vitamin 
b,. increased in proportion to the amount of vitamin B,,. added, the variation 
noted being consistent with the reliability of the method. The amount of 
vitamin B,, bound by serum also increased to a maximum and beyond this 
point the excess appeared as free vitamin B,,. This pattern was observed in 
four assays executed in this manner. The total binding capacity above which 
excess vitamin B,. appeared unbound ranged from 460 to 600 pug per milli- 
liter for undiluted sera from patients with pernicious anemia. 
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Fig. 1.—Comparison of binding capacity of serum from normal subject with that from patient 
with pernicious anemia. 


The binding capacity of normal serum was studied in the same manner. 
The pattern of total vitamin B,. increase and of combining capacity maximum 
was similar to that demonstrated with pernicious anemia serum. The range 
of binding capacity of six normal sera was 450 to 660 pug per milliliter 
(Fig. 1). 

DISCUSSION 
Serum Concentrations.—The absence of detectable free vitamin B,,. and the 


low total vitamin B,, concentrations in the serum of patients with pernicious 
anemia in relapse confirm the clinical evidence as to the nature of the deficiency 
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in this disease. It appears reasonable to assume that the serum level reflects 
tissue concentration. Girdwood’ reported that assays of tissues for vitamin B,. 
in patients with pernicious anemia in relapse showed no detectable level of vita- 
min B,., whereas corresponding normal tissues contained measurable quantities. 
Therefore it is thought that the growth-supporting activity of serum for LE. 
gracilis is most likely a function of the vitamin B,. content of serum or of closely 
related substances with hematopoietic activity.” Ford,'® Lewis,’! Robbins,'? and 
Pfiffner?® have shown that substanees related to vitamin B,. derived from vari- 
ous sources all have cobalamin-like activity for microorganisms but not all influ- 
ence hematopoiesis or animal growth. Such substances, however, have not yet 
been demonstrated in human serum. 

The five patients with the unusually elevated vitamin B,. levels had one 
illness in common, hepatic cirrhosis. However, each had other diseases and 
differed clinically in terms of apparent severity of the liver disease, as well 
as the associated illnesses. None had received vitamin B,. therapy. Repeat 
estimations taken after several days again showed high serum levels in two 
patients. Attempts to destroy the vitamin B,, activity by alkalinization and 
heat succeeded in decreasing growth-supporting activity of the sera by 48 
per cent (average of determinations). This was also true for normal serum 
and for serum of patients with pernicious anemia in relapse to which vitamin 
B,. had been added. These observations suggested that serum in some manner 
prevented complete degradation of its Euglena growth-supporting property, 


since vitamin B,. in saline so treated lost this property entirely. 


Mollin and Ross'* noted that 15 of 186 sera assayed by them had excep- 
tionally high total vitamin B,, levels (1,000 to 4,000 pug per milliliter) oceur- 
ring principally as uncombined (free) activity. Included were sera from nor- 
mal persons and from patients with pernicious anemia in relapse. They sug- 
gested that either the substance responsible for the high levels was hemato- 
poietically inactive although possessing Euglena growth-supporting activity, or 
the extraordinarily high values were due to accidental contamination with 
vitamin B,.. That the exceptional values which we observed were due to com- 
pounds other than vitamin B,. with Euglena activity is possible but not proved. 
As most of the Huglena activity appeared in the bound form, however, it most 
likely represents vitamin B,, or a closely allied substanece.’* Hence it ‘is con- 
ceivable that there was a true elevation of serum vitamin B,. due to an increase 
of the serum vitamin B,. binding property in these patients.* The characteris- 
tically elevated and abnormal globulins of such patients come to mind. 

Growth Inhibition —The inhibition of Euglena growth by sulfisoxazole is 
corrected by PABA. This indicates the dependence of this organism for syn- 
thesized PABA, inasmuch as PABA as such is not present in the synthetic 
medium. That PGA and citrovorum factor did not correct the sulfisoxazole in- 
hibition indicates that for this organism PABA is concerned with other cell 
processes besides folic acid synthesis'® such as nuclei acid and/or amino acid 

*Since this manuscript was submitted for publication, Beard and associates (Blood 


9:789-794, 1954) have described an increase in the vitamin Br concentration and in the 
binding capacity of serum from patients with chronic myeloid leukemia. 
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synthesis. The observation that a sulfonamide derivative can inhibit growth if 
the serum sulfonamide concentration is sufficiently elevated demonstrates the 
need for considering this sulfonamide effect a possible explanation for the ap- 
parently depressed vitamin B,. levels found in patients receiving this therapy. 
The addition of PABA to the media abolishes this inhibitory effect. Ross® has 
stated that the serum concentrations of common antibioties ordinarily attained 
in man do not inhibit growth. 

Serum Binding Capacity.—The studies here reported indicate that serum 
contains a factor or factors which exert a binding effect on vitamin B,. and 
make it unavailable to support growth of FE. gracilis until this effect is destroyed 
by heating. No difference in capacity to bind vitamin B,. was observed between 
sera from normal individuals and from patients with pernicious anemia; Pit- 
ney'® reported similar results. Schilling™ has shown by paper electrophoresis 
that vitamin B,. labeled with radioactive cobalt (Co®) moves with albumin; 
and Pitney,'® by microbiologic technique, has suggested that vitamin By» 
binding is a specific property of the alpha globulin fractions of serum. Oth- 
ers!’-2! have shown a nonspecific binding effect by other protein-containing mate- 
rials. Whether this binding property is a function of a specific component of 
serum serving as the vitamin B,.-transport vehicle as indicated by Pitney,'* or 
whether this binding effect is nonspecific, is not firmly established. That a 
specific vitamin B,. binding or transport deficiency may exist has been sug- 
vested by Horrigan and Heinle’? in a ease report. 


SUMMARY 


The results of microbiologic assays of serum vitamin By,» levels using £. 
gracilis are reported. The mean total serum vitamin B,, level in twenty normal 
subjects was 532 pug per milliliter; all had free vitamin B,. present. In thirty- 
three patients with pernicious anemia in relapse, it was 39 pug per milliliter and 
no free vitamin B,. was detected. Twelve patients with megaloblastic anemia 
that subsequently responded to folic acid therapy had levels within the normal 
range and a mean of 307 pug per milliliter. 

Sulfonamide derivatives may be present in serum in concentrations which 
ean inhibit Euglena growth; this inhibitory effect may be abolished by PABA 
added in vitro. ; 

The capacity to bind vitamin B,», thus rendering it unavailable for Euglena 
erowth, is similar for serum from normal persons and from patients with 
pernicious anemia. 
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NATURAL HISTORY OF KOREAN VIVAX MALARIA AFTER 
DELIBERATE INOCULATION OF HUMAN 
VOLUNTEERS 


JOHN ARNOLD, M.D.,* Aur S. ALvinec, M.D., Ropert S. Hockwa.p, M.D.,** 
CHARLES B. CLtayMAN, M.D.,** RaymMonp J. DERN, M.D.,*** 
AND ERNEST BEUTLER, M.D.**** 
CxHiIcaco, ILL. 


NE of the important medical problems encountered during the recent 
O military activities on the Korean peninsula has been a very high incidence 
of vivax malaria. Prior to 1950 Korean malaria had attracted relatively little 
attention. Since 1950 a considerable body of information has developed rela- 
tive to the natural history of the disease in man as well as to the response of 
this disease to drugs. Hankey and associates* reported on the relapse pattern 
in naturally aequired Korean malaria as it appeared in over 1,500 returning 
American military personnel, and Burnetti? reported on an outbreak of Korean 
malaria in thirty-four Camp Fire girls in California who had been infected 
by a carrier returned from Korea. 


METHODS 


It was our purpose in this study to observe the course of Korean vivax malaria pro- 
duced by mosquito bites on human volunteers whom we could watch, under controlled cir- 
cumstances, for an extended period. The strain of malaria was acquired by the United 


rn 


States Public Health Service at the Laboratory of Tropical Diseases in Milledgeville, 


Georgia, from a member of the United States Armed Forces returned from Korea, and 
was used to infect the mosquitoes used in this study. The six white male nonimmune sub- 
jects in the experiment were divided into two groups of three men each. On Nov. 13, 
1951, each man in each group was bitten by ten infected mosquitoes in rotation with his 
two partners. Each mosquito was used to bite all three men in each group. These mos- 
quitoes had been infected between Oct. 22 and Oct. 30, 1951. After biting the volunteers, 
the mosquitoes were dissected and the salivary glands were graded from 1 to 4 plus ac- 
cording to the number of sporozoites found in the glands. The grading system was on a 
logarithmic scale where 1+ was used for 1 to 9 sporozoites, 2+ for 10 to 99, 3+ for 100 to 999, 
and 4+ for more than 1,000 sporozoites seen in both glands. The average infection for each 
mosquito used was 3.6+ by this method of grading. Following inoculation these men were fol- 
lowed very closely with frequent examinations of the peripheral blood by thick smear. This was 
done daily until the first attack and then every other day for six weeks, after which time 


oe From the Army Malaria Research Unit, Department of Medicine, University of Chicago, 
licago, IIl. 

; This work was supported (in part) by the Research and Development Division, Office 
of the Surgeon General, Department of the Army, under contract No. DA-49-007-MD-20 with 
the Department of Medicine, University of Chicago, Chicago, IIl. 

; Assisted by Dr. Geoffrey M. Jeffery and Dr. Martin D. Young, Laboratory of Tropical 
Diseases, National Microbiological Institute, National Institutes of Health, Milledgeville, Ga. 
and Columbia, S. C. 

The investigations reported in this paper would not have been possible except for the 
cooperation of the inmates and the administrative staff of Stateville Penitentiary, Joliet, Il. 

Received for publication July 17, 1954. 

*Formerly Major, MC, AUS. 

**Formerly Captain, MC, USAR. 

***Captain, MC, AUS, 9927-TSU-SGO. 

**** First Lieutenant, MC, AUS, 9927-TSU-SGO. 


723 


724 ARNOLD ET AL. J. Lab. & Clin. Me. 


November, 1954 


the smears were examined weekly until the volunteer again became patent. After eac! 
attack this sequence was repeated. Since Stateville is in a nonendemic zone, reinfection 
is not possible. 

We were able to follow all six men up to and through at least one attack of malaria. 
One man, however, left prison four months after inoculation after having had only an early 
primary attack. One other man was discharged from prison after nearly one year, during 
which time he had one late primary attack. The other four men were followed to the ap- 
parent end of their malaria and three were followed about eighteen months beyond that 


point (June, 1954). 
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{sites OF TEN MOSQUITOES INFECTED WITH A KOREAN STRAIN OF VIVAX MALARIA 


A CLINICAL ATTACK OF MALARIA 


C- CHLOROQUINE, 1.0 GM. BASE 

Q-QUININE SULFATE, 2.0 GM. DAILY FOR 8 DAYS 

O-NEGATIVE SUBINOCULATION OF 500 C.C. WHOLE BLOOD INTO A NON-IMMUNE VOLUNTEER 
Fig. 1. 


RESULTS 
The most important observation to be drawn from the disease produced 
in these six volunteers was that the malaria of Korea is similar in relapse pat- 
tern to the malaria of other temperate zones. Temperate zone malarias usu- 
ally have an early primary attack followed by a long latent interval, and then 
repeated late relapses. This pattern is apparent from Fig. 1. From this figure 
it can be seen that one man from each group of three failed to have a primary 
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attack while his two partners had a primary attack with patency beginning 
18, 17, 16, and 16 days after infection. Whether or not a primary attack oc- 
curred seemed not to influence the length of the subsequent latent period 
which was amazingly uniform in length (273 to 315 days). Nor did the oe- 
currence ov lack of occurrence of a primary attack influence the length of 
time during which the patient had late relapses, or the frequency with which 
he had these late relapses. Since all men received a uniform and very heavy 
inoculation, the appearance or lack of appearance of an early primary attack 
seems not to be related to variation in the intensity of the sporozoite inocula. 

Because our primary interest in these cases was directed at the natural 
history of this disease, we chose to treat each relapse with quinine or chloro- 
quine. These drugs apparently do not disturb the tissue phases of vivax 
malaria. We also chose to treat each attack rapidly and vigorously in order 
to keep immunity at a minimum. It was hoped thereby to reduce the effect 
of immunity in limiting the course of the disease. 

It is apparent that, after quinine treatment, relapses occurred with great 
rapidity and regularity. The average latent period from the end of quinine 
therapy to the next parasitemia was ten days. Chloroquine, by virtue of its 
long persistence in the body, appeared to abort one or two subsequent attacks, 
after which the previous periodicity would appear. 

The behavior of these six heavily infected patients, im whom the exact 
date of infection was known, confirms the impression gathered from studies 
of malaria acquired naturally in the field, namely, that the disease terminates 
spontaneously before eighteen months. We were able to follow four cases 
from nine to eighteen months beyond this terminal period, and obtained no 
evidence of continuing activity. About three years after infection, 500 ml. 
of whole blood from each of three patients was subinoculated into three non- 
immune volunteers by direct transfusion. The volunteers so inoculated re- 
mained negative for more than thirty days. 

It would appear that clinical immunity to trophozoites is not a factor in 
the termination of the disease. It should also be pointed out that the initial 
infections were produced in November and that the clinical course of these 
patients was out of step by about six months with the seasonal incidence of 
naturally aequired Korean vivax malaria. 


CONCLUSIONS 

A strain of Korean vivax malaria was transferred by mosquitoes into six 
nonimmune white men and four of these subjects were followed to a point 
well beyond the apparent spontaneous termination of the disease. It appears 
from these eases that Korean vivax malaria is similar in its natural history 
to the other temperate zone malarias (Korteweg,’ James and Shute,* Schiiffner 
and associates, and Coatney and ecolleagues?), and follows the observations 
already made on naturally acquired Korean vivax malaria (Hankey and associ- 
ates* and Burnetti'). It is also apparent from these six cases that the season of 
the year has little direct effect on the relapse pattern once infection is pro- 
duced, nor does the occurrence or lack of occurrence of an early primary at- 
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tack depend on a variation of the intensity of the sporozoite inoculum. From 
these six cases, as well as from other studies, it may be concluded that the 
disease terminates spontaneously at or about eighteen months after infection. 
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PENICILLIN PROPHYLAXIS OF EPIDEMIC STREPTOCOCCAL 
INFECTIONS 


[. THe EPIDEMIC AND THE EFFECTS OF PROPHYLAXIS ON THE CLINICAL MANIFESTA- 
TIONS OF ACUTE STREPTOCOCCAL AND NONSTREPTOCOCCAL RESPIRATORY 
INFECTIONS 
JoHN R. Seat, ComMANDER (MC) USN,* Wiztuiam J. MoGascas, LIEUTENANT 
(MC) USNR, Grorce J. Frou, Lizutrenant (MC) USNR,** ANbD 
JAMES E. BAntA, LIEUTENANT, JUNIOR GRADE (MC) USN*** 

GREAT LAKES, ILL. 


INTRODUCTION 


PIDEMICS of streptococcal and other acute respiratory infections have 
E; continued to occur in the armed forces since the end of World War II.** 
Conforming to the pattern observed during the war years, these epidemics 
have been most severe in recruits and other populations in a training status. 

High morbidity rates for uncomplicated streptococcal infections interrupt 
training schedules and necessitate a considerable expenditure of money and 
personnel for the care and treatment of these infections. Such purulent 
complications as sinusitis, otitis media, and peritonsillar abscess are fre- 
quently encountered. Outbreaks of rheumatic fever usually occur and acute 
glomerulonephritis may also} be a sequel of epidemic streptococcal infections. 
These complications and sequelae aggravate the military medical problem be- 
cause of longer hospitalization and occasional permanent disability. Adequate 
antibiotic therapy has reduced the incidence of complications and sequelae. 
To some extent it has also reduced the length of hospitalization necessary for 
uncomplicated streptococcal infections in those who have sought treatment. 
The failure of a large percentage of infected personnel to seek treatment for 
their illnesses, however, has prevented this advance in therapy from exerting 
any very obvious influence on the spread of streptococeal infections in military 
populations.*: 4 

In the absence of other effective methods for control, investigations were 
begun into the use of antibiotics for the prevention of streptococeal in- 
fections in the spring of 1951.4 Controlled studies were continued during the 
winter of 1951 to 1952 to obtain information on: (a) the minimum dose of 
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oral penicillin which would suppress epidemic streptococcal infections; and 
(b) the smallest dose of oral penicillin which would eradicate virulent strains 
of streptococci from the nose or throat of a majority of carriers of the 
organism. At the same time another group of workers on a military base were 
investigating the use of large doses of oral penicillin and of parenteral peni- 
cillin in epidemies and in earriers.* 

The initial controlled studies indicated that either 100,000 units of oral 
penicillin G or 250 mg. of chlortetracycline (Aureomycin) once daily was 
effective in suppressing epidemic streptococcal infections by preventing men 
from acquiring group A streptococci during the period of prophylaxis.t Sub- 
sequent studies indicated that daily doses of penicillin ranging from 50,000 to 
125,000 units were about equally effective in the prevention of streptococcal 
infections but were far less effective in eradication of the organisms from men 
already infected than were larger doses. Doses of either 125,000 units three 
times daily or 250,000 units twice daily for ten days were more effective in 
preventing men from acquiring epidemic strains in their nose or throat than 
were the smaller doses and were also effective in markedly reducing the 
carrier rates for group A streptococci.® 

During the winter of 1952 to 1953, searlet fever and other acute in- 
fectious diseases became epidemic at a naval training center and provided 
opportunity for investigation of differing dosage regimens of oral penicillin 
in entire regiments of Navy recruits. These studies were designed to provide 
additional information as to the possibilities of interrupting epidemics and of 
eradication of strains of streptococci causing the epidemic from large units of 
men. 

In this paper, the epidemiologic and clinical aspects of respiratory in- 
fections occurring before and during prophylaxis are presented. These data 


provide the necessary background for evaluation of the results of oral peni- 
cillin prophylaxis. The prophylactic programs and their effects on admission 
‘ates for streptococcal infections and on carriers of beta hemolytic streptococci 


in the recruit populations in which they were used are presented in a 
subsequent paper.* 
MATERIAL AND METHODS 


Organization of the Naval Training Center and Populations.—The location of the hase 
and organization of the Recruit Training Command have been partially described in a 
report on a prophylactic study carried out during the winter of 1951 to 1952.2 

Male recruits in regular training were contained in three regiments, the first, second, 
and fourth. At the receiving unit men were organized into companies which varied in 
strength from sixty-four to seventy men during the study. Companies were assigned in 
rotation to the three regiments in so far as empty dormitories allowed. A majority of men 
in each new company were derived directly from civilian life. Men delayed on entry into 
training for preparatory training or by hospitalization while in the receiving unit were 
mixed with newly arrived recruits in the formation of companies. The normal processing 
time for a new recruit from time of arrival until entry into the regiment with his 
company was about two days. Naval reservists having had prior training duty were 
organized into companies scheduled for seven weeks of training. Regular Navy recruits 
went into companies scheduled for eleven weeks .of training. Recruit barracks were 
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frame, two-storey buildings with a large open dormitory on each floor. At the beginning 
of the study one and one-half companies were assigned to each dormitory. Later, one 
company occupied each dormitory. 

The company retained its location throughout training. Men losing five or more days 
of training through illness or other cause were reassigned to another company in the 
same week of training as was the man when he left his original company. The new 
company might be in a different regiment. During reassignment, most men spent twenty- 
four or more hours in barracks located in the fourth regimental area which were occupied 
by the reassignment unit. If the lost time was considerable, a longer period might be 
spent in these barracks while earlier training was reviewed. Recruits completing training 
were given two weeks’ leave and then occupied the outgoing unit for a few days prior 
to their next duty assignment. This was located in close proximity to the receiving unit 
and men from these two units ate at the same mess hall. 

The third regiment was partially occupied by WAVE recruits. Four barracks in the 
third regimental area were occupied by the recruit preparatory training unit. Men in 
this unit were mostly illiterate and were delayed from entering regular training up to nine 
weeks for instruction in reading and writing. Two other barracks in this area were 
occupied by companies of Naval Reserve recruits undergoing two weeks of training. 
Men in the third regimental area were strictly segregated from the WAVES although 
sharing the same mess hall and recreational facilities. They attended sick calls at the 
fourth regimental dispensary but had no other contact with this regiment. 

Appreciable numbers of recruits were screened on arrival or during the first few 
weeks of training and placed under observation at the psychiatric unit. Many of the 
men who were under observation or who had been rejected for further training and were 
awaiting return to civilian life occupied barracks in the outgoing unit. Others were kept 
on the wards. Recruits committing disciplinary offenses were placed in the station brig 
in company of men from other commands. 

As previously described, each recruit regiment was basically organized to be an 
independently functioning unit with its own medical department, dental department, 
stores, and mess hall. Because of personnel shortages, however, the second and fourth 
regiments shared the same mess hall after January. Opportunities for inter-regimental 
contacts also occurred in several special training activities, in various sports, and during 
recreation. 

A second large, fairly homogenous population of enlisted personnel were the service 
school students. The majority of men in the schools were derived directly from graduates 
of recruit training of this and other training centers. Most schools were of fourteen 
weeks’ duration and there was a steady flow of groups of men in and out of them at two- 
week intervals. Student barracks were similar in construction to those of recruits, which 
were adjacent to but separated from the first recruit regimental area. On the whole, the 
number of men per dormitory was equal to or greater than in recruit dormitories. During 
nonworking hours, students were less restricted in their activities than were recruits and 
enjoyed frequent liberty off the station. 

A third large population of enlisted personnel upon which reasonably accurate 
Strength data could be obtained was in the Administrative Command. This population 
was made up of heterogenous groups belonging to a number of departments such as 
Medical, Dental, Public Works, Commissary, and Security. Many worked in offices, others 
out-of-doors, Personnel of widely varied Navy experience and age were included. Un- 
married men lived in barracks similar to those of recruits except that some were par- 
titioned into rooms of various sizes. Again, dormitories were often more crowded than 
Were recruit dormitories. Married personnel lived off the station. Rotation was slower 


in most of the groups making up this population than in either recruits or Service School 


Students, 

Various other small groups were also on the station. The Naval Academy Prepara- 
tory School students (about eighty men) occupied barracks in the Service School student 
livive area but the men had little contact with other populations. 
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Recruits seeking treatment for illness or injury reported to their own regimental 
dispensary. Service School students and other groups reported at the main dispensary, 
Men with minor illnesses and injuries were hospitalized whenever possible in the small 
number of infirmary beds -available. A vast majority, however, were admitted to a 
United States Naval Hospital which is also located on the station. Men from all popula- 
tions came in intimate and prolonged contact on the infirmary and hospital wards. During 
convalescence, especially in the hospital, patients from different wards came in intimate 
contact at many work details and recreational facilities. This provided additional 
opportunity for interchange of infections in men just prior to their return to their 
command as most such patients were no longer receiving antibiotics. In general, patients 
hospitalized because of respiratory infections received four days’ treatment with parenteral 
penicillin. In the spring months, many patients received 600,000 units of dibenzylethyl- 
enediamine dipenicillin G as the last dose of their treatment course. There was no 
specifically directed effort, however, to prevent cross infections in hospital or infirmary 
patients. 

Clinical Procedwres.—Arrangements were made with the senior medical officer of the 
Naval Training Center to have all except severely ill patients being admitted with a 
diagnosis of any type of acute respiratory infection brought to the laboratory en route 
to the hospital or infirmary. Also brought were patients with a diagnosis of any other 
infectious disease or complication of a respiratory infection, patients thought to have 
penicillin reactions, and patients with other diagnoses of some type of allergy. Patients 
in the latter two categories receiving outpatient treatment were also seen after prophylaxis 
was started. 

The medical officers of the several dispensaries were liberal in their admission of 
patients. In addition to admitting patients with a temperature of 100° F. or greater 
required by medical department regulations, many men with afebrile minor illnesses 
resembling common colds were also admitted as can be seen in the data. Patients re- 
quiring admission were not treated prior to their transfer, although some had received 
antibiotics in an outpatient status at sick calls prior to the one at which admission was 
decided upon. Others had received antibiotics for unrelated reasons, such as dental treat- 
ment, within a day or so of admission. 

Upon arrival at the laboratory each patient was examined by one of us who 
recorded the symptoms and physical findings and classified the illness according to pre- 
determined criteria. This information was recorded on keysort cards as was information 
concerning the man’s unit and location on the station; age; prior history of hospitalization, 
respiratory infections, and antibiotic treatment; tonsillectomy; and history of recent 
immunizations. The clinical diagnosis of the admitting physician was also recorded. 

Symptoms such as chills, fever, prostration, weakness, fatigability of unusual degree, 
nausea, and vomiting were considered to be systemic and recorded under a single heading. 


The symptoms of myalgia, arthralgia, and headache were separately recorded and all 
symptoms were classified as being minor or major evidences of the illness. Careful 


questioning was done to establish the presence of sore throat and patients having dys- 
phagia were distinguished. 

Emphasis in the physical examination was on the presence of cutaneous rashes, 
abnormal findings in the nose or throat, the degree of tenderness of the anterior cervical 
lymph nodes, and the admission oral temperature. The throat was examined using 4 
miner’s-type headlight giving a bright white light. When exudate was seen, the tliroat 
swab was used to dislodge a part of it and establish its identity by demonstration of an 
inflammatory base. 

A total leukocyte count was obtained on each patient during the examination. All 
patients admitted to the United States Naval Hospital with a diagnosis of an acute 
respiratory infection routinely received a roentgenogram of the chest upon admission with 
further roentgenograms being obtained if the diagnosis of pneumonia was suspected. 
These results were made available to us and were also entered on the keysort cards. 
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Bacteriologic Procedures——The throat culture was taken with a sterile cotton swab 
under direet vision by the examining physician. The swab was immediately rolled on one 
side of a Petri dish containing 5 per cent sheep’s blood agar (blood agar base BBL with 
sterile defibrinated sheep’s blood added). A platinum loop was used to streak from the 
inoculated area to the balance of the media surface. Cuts in the agar perpendicular to 
the streaks were made to establish semianaerobie conditions for some colonies. Streaking 
was done within 30 minutes of obtaining the culture. The Petri dishes were then incu- 
bated at 37.5° C. until growth and hemolysis were adequate, usually 18 to 24 hours. 
Examination was then made for colonies showing typical beta hemolysis by the two 
technicians who read and recorded the results of all cultures. Dubious colonies were 
checked by gram-stained smears and subculture prior- to being recorded as negative. 
Subcultures were made in a majority of instances from positive cultures to obtain isolated 
colonies, The number of hemolytic colonies was recorded as one plus if less than 10, two 
plus if more than 10 but not a pure culture, and three plus if a pure or very nearly pure 
culture. The type of colony was also recorded as being mucoid, matt, or glossy. 

All colonies of beta hemolytic streptococci were serologically identified by the 
method of Swift, Wilson, and Lancefield.s Just prior to the preparation of the cellular 
extract, subeultures were made from the broth tubes to determine the purity of the 
culture and the penicillin sensitivity of the strain. Extracts were tested against antisera 
for Groups A, B, C, and G streptococci. Extracts giving precipitin reactions with Group 
A antisera were tested against antisera for Types 1 to 5, 8, 11 to 15, 17 to 19, 22 to 26, 
28 to 33, 36 to 44, 46, and 47. These were examined for precipitin reactions after two 


hours’ incubation at 37.5° C. and again after overnight refrigeration. 


Penicillin sensitivity of streptococci was determined by the method of Frank, Wilcox, 
and Finland. <A loopful from the extract broth was streaked on the surface and stabbed 
in 5 per cent sheep’s blood agar containing 0.04 unit of potassium penicillin G per milli- 
liter. Each plate was examined after 24 and 48 hours’ incubation along with a control 
plate prepared from the same broth. If typical beta hemolytic streptococci did not grow 


on the control plate or the broth was contaminated, the procedure was repeated from the 
original subeulture plate. Each batch of media was checked with strains of streptococci 
which were not Group A and for which the sensitivity had been previously determined. 

Classification of Illnesses—For the purpose of recording admission rates for total 
acute respiratory infections and for streptococcal infections on a uniform basis before, 
during, and after courses of penicillin prophylaxis, the arbitrary exclusive classifications 
listed below were made on all cases with an admission diagnosis of acute respiratory 
infection when the results of the total leukocyte count, throat culture, and roentgenogram 
ot the chest were available: 

A. Streptococcal infections 


1. All cases of scarlet fever. 
2. All cases of acute respiratory infection with a positive throat culture for Group 
A streptococci and one of the following clinical syndromes: 
(a) exudative tonsillitis or pharyngitis; (b) dysphagia or very tender cervical 
lymph nodes and a leukocytosis of 12,000 or higher; (¢) dysphagia and very 
tender cervical lymph nodes; (d) systemic symptoms and a leukocytosis of 
12,000 or higher; (e) fever of 100° F. or more and a leukocytosis of 12,000 or 
higher; (f) leukocytosis of 16,000 or higher. 
. Acute febrile, nonstreptococcal, respiratory infections 
1. Cases with a negative throat culture and either systemic symptoms or fever on 
admission. 
2. Cases with a positive throat culture and either systemic symptoms or fever on 
admission and a total leukocyte count less than 12,000 cells per cubic millimeter. 
. Other respiratory infections 
1. Cases with symptoms of more than 120 hours’ duration. 
2. Cases with exudative pharyngitis or tonsillitis and a negative throat culture. 
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3. Cases without systemic symptoms not qualifying for inclusion in categories A 
or B mentioned previously. 
4, Cases with residual symptoms from a preceding respiratory infection. 
5. Cases with roentgenographic finding of pneumonia. 
. Erroneous diagnoses 
Diagnosis of an acute respiratory infection made by admitting physician but not 
concurred in by examiner. 

Penicillin Administration—Details of the program are presented elsewhere.? The 
fourth regiment of recruits was given 250,000 units of oral penicillin twice daily between 
February 7 and February 14, and again between April 5 and April 21. The second regi- 
ment was given 50,000 units of oral penicillin once daily between February 14 and 
February 28, and March 25 and April 11. The first regiment was also given 50,000 units 
between March 25 and April 11. Men with a prior history of hypersensitivity reactions 
to penicillin were excused. New recruit companies added to the regiment were given 
penicillin for whatever time remained of the schedule. 


RESULTS 


Epidemiologic Observations —F ollowing the conclusion of the prophylactic 
study in the spring of 1952, scarlet fever occurred in increasing frequency. 


The prevalent type of streptococcus was found to have shifted from Type 12 
to Type 19, only a few of which had been found during the earlier study.” 
Searlet fever was epidemic from April through June, disappeared during the 
summer months, and began to recur in late September. 

Brief inquiry into the situation was made by one of us (J. R. 8.) in early 
November. In the preceding four weeks, admission rates for acute respiratory 
infections from the recruit population had increased from sixteen to twenty- 
eight per thousand per week. The diagnosis of acute tonsillitis, acute pharyn- 
gitis, or scarlet fever had been made in more than one-half of the admissions 
during this period and the incidence of exudative tonsillitis or pharyngitis 
was high among the few patients admitted during the inquiry. A majority ot 
the patients with scarlet fever had been admitted from the fourth regiment, 
the regiment with highest admission rates. Nose and throat cultures were 
obtained from 167 recruits who had been on the station less than five days. 
Eight per cent had beta hemolytic streptococci in their nose or throat. One 
per cent had streptococci in both the nose and throat. Another 674 recruits 
in their first week of training (on station seven to ten days) were found to 
have a total incidence of 10 per cent positive cultures. Nose and throat 
cultures were both positive in 1 per cent. An additional 495 recruits in their 
ninth week of training were also cultured. A total of 19 per cent had positive 
cultures and in 5 per cent the nose and throat cultures were both positive. 
These differences served to establish that streptococcal infections were spread- 
ing among the recruits. In actuality the differences were more marked than 
is indicated by the per cent positive, as many of the new recruits had only a 
few glossy colonies in their positive cultures whereas old recruits more often 
had numerous large mucoid colonies resembling those that were identified as 
Type 19 streptococci. A majority of the strains isolated were not serologically 
identified. ‘ 
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In early December a small epidemiologic team headed by another of us 
(J. E. B.) conducted studies in the first regiment for about two weeks prior to 
the departure of a majority of recruits and other populations on holiday leave. 
A total of 389 patients complaining of respiratory infections were examined. 
Forty per cent could be reasonably classified as having streptococcal in- 
fections and 50 per cent had positive cultures for Group A streptococci of 
which three-fourths were Type 19. Type 1 was the only other prevalent type, 
occurring in 10 per cent of cultures positive for Group A streptococci. A 
leukocytosis of 12,000 or higher was present in 42 per cent of the 389 
patients, with a majority of patients with exudative tonsillitis or pharyngitis 
and searlet fever having a leukocytosis. Group A streptococci were recovered 
from only 10 per cent of patients having neither fever or leukocytosis and 
from 13 per cent of forty-six patients examined for complaints other than a 
respiratory infection. 

On Jan. 4, 1953, immediately following the return of the majority of men 
from holiday leave, an outbreak of influenza occurred. This was first detected 
among convalescent rheumatic fever patients on one ward at the hospital. 
On December 28 and December 29, twelve of the approximately fifty patients 
on this ward developed a mild, febrile respiratory infection. Nasal washings 
and acute and convalescent blood sera were obtained from these twelve 
patients by the laboratory of the hospital and sent to Dr. Thomas G. Ward 
of the Johns Hopkins School of Hygiene and Public Health. An influenza 
virus, Type A’ similar to those isolated elsewhere in January, was isolated from 
eight of twelve washings studied and antibody rises occurred in the sera of 
three additional patients from whom viruses were not recovered. The in- 
fluenza epidemic involved all populations, as can be seen in Fig. 1. Additional 
nasal washings were obtained from twelve selected patients from several 
populations in early January and yielded an A’ virus in seven instances. 
Acute and convalescent sera were also obtained from 100 selected admissions 
during the week ending January 10. A significant antibody rise to the FM-1 
and to the prototype 1953 strain occurred in 65 per cent. 

The epidemic terminated after the week ending January 17 with a marked 
decline in admission rates in the nonrecruit populations. Although cases of 
influenza probably continued to occur, this disease probably played little role 
in the continued high admission rates from recruit populations. Only nine 
(15 per cent) of sixty-nine pairs of sera collected from recruits admitted 
during the week of January 18 to January 25 exhibited significant antibody 
rises. This was almost identical with the percentage of significant antibody 
rises for influenza occurring in pairs of sera collected from patients with sear- 
let fever admitted during the same week."! 

The number and classification of illnesses of patients admitted from the 
Several major populations during and subsequent to the influenza epidemic are 
shown in Table I. The type distribution of streptococci found in men from 
these other populations was the same as in recruits. 

No major outbreaks of any type of respiratory infection occurred in non- 
recruit populations following the influenza epidemic, at least as reflected by 
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admission rates. That a majority of the infections responsible for the con- 
tinued elevation of admission rates among recruits were related to epidemic 
streptococeal infection in the recruit population will be shown in the follow- 
ing data of this and a subsequent paper.’ 

In addition to influenza, rubella occurred in the three recruit regiments 
in mildly epidemic form during the study. Sporadic in January and February, 
the incidence increased in March and April, then subsided again to sporadic 
levels as indicated by admission rates for this disease in Fig. 2. 

Only cases are included where both the admitting physician and the 
examining physician agreed upon the diagnosis. The few cases in which they 
disagreed were usually substantiated to be scarlet fever. Thirty (14 per cent) 
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Fig. 1.—Admission rates for all acute respiratory diseases from three major populations dur- 


ing, and subsequent to, influenza A epidemic in January, 195; 





of a total of 218 patients examined during weeks when prophylaxis was not 
being given had positive throat cultures for Group A streptococci. None of 
the twenty-nine patients admitted from the fourth regiment during pro- 
phylaxis had positive cultures, but six (9 per cent) of the sixty-six patients 
admitted during administration of the 50,000 unit dose to the first and second 
regiments had positive cultures. 

That not all eases with positive cultures were ‘‘carriers’’ was suggested 
by a review of cases with symptoms of less than forty-eight hours’ duration. 
Thirteen (39 per cent) of the thirty-six patients with positive cultures had a 
total leukocyte count of 10,000 or higher whereas only forty-five (19 per cent) 
of the 234 patients with negative cultures had this degree of leukocytosis. If 
the percentage having a total leukocyte count of 12,000 or higher is compared, 
then eight (22 per cent) and twenty-four (10 per cent), respectively, had a 
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leukocytosis. There was no correlation of either symptoms or height of the 
fever and a positive culture, although a correlation between these manifesta- 
tions of rubella existed. 
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Fig. 2.—Admission rates for rubella from three regiments of male Navy recruits during oral 
penicillin prophylaxis of streptococcal infection studies, 1953. 


CLINICAL OBSERVATIONS 


Total Patients From the Three Recruit Regiments.—During the twenty-five 
weeks of study between January and June, 1953, a total of 3,862 patients 
were examined who had been admitted at their regimental dispensary with a 
diagnosis of some sort of acute respiratory infection. The recorded data on 
seventy-nine patients was too incomplete to allow classification. The final 
classification of the remaining 3,783 patients is given in Table II according to 
Whether the admission occurred when prophylaxis was or was not being 
administered to the men in the regiment. 

At examination the vast majority of patients (83 per cent while not 
receiving penicillin and 94 per cent while receiving penicillin prophylaxis) 
had symptoms referable to the respiratory tract but lacked any objective 
clinical features which were distinctive. Some of these were streptococcal 
infections according to the criteria used for classification, others were probably 
of streptococcal etiology but did not meet the criteria for being so classified. 
As wag seen in Table I, only a small percentage of the total were admitted 
during the influenza epidemic in early January. Although influenza probably 
continued to occur in the recruit population and may have occurred as un- 
recognized outbreaks later in the study, the total numbers of cases were 
probably not large. The bulk of patients having negative throat cultures and 
of those with positive throat cultures lacking other evidences of streptococcal 
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disease of new recruits 
disease) .1° 


One hundred fifty-six patients admitted during weeks in which pro- 
phylaxis was not being given had pneumonia reported on their admission 
x-ray film of the chest at the Naval Hospital. 
pheumonia were admitted during weeks in which prophylaxis was admin- 
A total of 209 other patients had either received an immunization 
within twenty-four hours of admission or had primary smallpox vaccination 
These patients, 


istered. 


or some other immunization reaction at the time of admission. 


712 or as 
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infection fit the category of what has been referred to as ‘‘common respiratory 
‘“‘ARD”’ (acute undifferentiated respiratory 


An additional thirty-eight with 








VESDH 





CLINICAL AND LABORATORY FEATURES 
(EXCLUSIVE CATEGORIES) 


WBC 


X 1000 











SF & EXP 


" OR 





NO 





SCARLET FEVER (SF) 
EXUDATIVE PHARYNGITIS 
DYSPHAGIA & VERY TENDER NODES 


u 


WITH SYSTEMIC SYMPTOMS 



















(EXP) 






AFEBRILE 
FEBRILE 






12 OR > 





I6 OR > 
I2 OR > 
















NO 









DYSPHAGIA OR VERY TENDER NODES 
WITH SYSTEMIC SYMPTOMS 













AFEBRILE| 












FEBRILE 





<2 


< 16 





< |2 


40% 60% 





80% 


GROUP A STREPTOCOCCI 


TYPE of OTHER [| 


20% 100% 



































recruits. 







Fig. 3.—Relation of positive throat cultures for Group A streptococci to various clinicai 
and laboratory features of acute respiratory infection in Navy ; i 
with positive culture classed as streptococcal infection, those in Group II not so classed. 


Cases in Group I 





in addition to all with complications or with a duration of symptoms of 
seventy-two hours or more, and all known or suspected of having had recent 
antibiotic treatment, were deleted to arrive at the numbers of patients with 


untreated acute, nonpneumonic, uncomplicated respiratory infections. 


total of 2,735 which remained, 2,401 had been admitted during weeks of no 


prophylaxis and 334 during weeks of prophylaxis. 


Clinical Characteristics of Untreated, Acute, Uncomplicated, Nonpneumonic 
Respiratory Infections in Patients Admitted Before and After Penicillin Pro- 
phylaxis and the Relation of These Characteristics to a Positive Throat Culture 
for Beta Hemolytic Streptococci—F rom the total of 2,401 patients in this 
eategory, an additional 169 patients admitted during the first week following 
This was 


the several courses of penicillin in the three regiments were deleted. 


done to allow consideration of patients in regard to the results of throat 


cultures. 
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An analysis of the classification and clinical syndromes of the 2,232 
patients remaining is presented in Table III. The percentage of patients 
having positive throat cultures for Group A streptococci is seen in Fig. 3. 
TABLE IIT. PositivE THROAT CULTURES FOR BETA HEMOLYTIC STREPTOCOCCI FROM 2,232 Navy 
RECRUIT PATIENTS ADMITTED WITH UNTREATED ACUTE, UNCOMPLICATED, RESPIRATORY IN- 


FECTIONS IN RELATION TO CLINICAL FEATURES OF ILLNESS (ADMISSIONS DURING PENICILLIN 
PROPHYLAXIS AND WEEK FOLLOWING EXCLUDED) 
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|ACUTE RESPIRATORY INFECTIONS|NUMBER| | | | UN- |GROUP| NEGA- 
CASES | TOTAL | 19 |OTHER*|TYPEDt| A | TIVE 


GROUP | (EXCLUSIVE CATEGORIES ) 
-L Searlet fever and exudative 52 49 47 2 0 

pharyngitis 

Scarlet fever 156 147 132 10 

Exudative pharyngitis 217 184 80 91 

Dysphagia or very tender 114 90 34 
nodes, WBC 12,000 or > 

Dysphagia and very tender 52 40 
nodes 

Systemic symptoms, WBC 388 236 
12,000 or > 

No systemic symptoms or 20 1] 
fever, WBC 16,000 or > 

No systemic symptoms, febrile, 189 
WBC 12,000 or > 

Dysphagia or very tender 101 
nodes, WBC < 12,000 

Systemic symptoms, WBC 
< 12,000 

No systemic symptoms or j i 343 
fever, WBC < 16,000 

No systemic symptoms, febrile, i j 10 206 
WBC < 12,000 

~ Total —_s« B23 1158 622 467 69 42 1,032 











Group I. In addition to all ‘cases, scarlet fever all cases with features and positive culture 

group A streptococci classified as streptococcal infections. 

Group II. Not classified as streptococcal infection if culture positive. 

*Types 1, 3, and 12; mostly, also Types 2, 5, 6; 11, 13, 18, 23,28, 43. 

*Did not type in available sera. 

A problem that enters into this treatment of the data is the accuracy of 
the methods for culture in recovering streptococci present in the throat. It 
was not feasible to obtain multiple sequential or simultaneous cultures. Since 
94 per cent of patients with scarlet fever or with exudative tonsillitis-pharyn- 
gitis and a marked leukocytosis (Table IV) had positive cultures, the methods 

J I , 
ipparently were highly accurate in streptococcal infections. Where the 
population of streptococci in the throat was less numerous, as was probably 
true in many chronic carriers, the methods were possibly less accurate, 
although there is no way of estimating to what degree. 

The total leukocyte count, dysphagia, and very tender anterior cervical 
lymph nodes were afforded considerable weight in the criteria for recognition 
of streptococeal infections where neither scarlet fever nor exudative tonsillitis- 
pharyngitis was present. The analyses made in Table IV would seem to 
Justify this. 
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TABLE IV. RELATION OF LEUKOCYTOSIS TO RECOVERY OF GROUP A STREPTOCOCCI IN THROAT 
CULTURE FROM Navy ReEcruIT PATIENTS WITH ScARLET FEVER, EXUDATIVE TONSILLITIS- 
PHARYNGITIS, OR ACUTE UNDIFFERENTIATED RESPIRATORY INFECTIONS 


















" UNDIFFERENTIATED RESPIRATORY _ 















































| | INFECTIONS DYSPHAGIA AND/OR 
| EXUDATIVE _____TENDER CERVICAL NODES —__ 
| SCARLET FEVER* PHARYNGITIS | PRESENT ABSENT 
| —— ——— ——= ae 
| CULTURE | CULTURE | | CULTURE | CULTURE 
WHITE BLOOD| __POSITIVE __ POSITIVE | —posrrive | POSITIVE ; 
CELL COUNT | TOTAL | PER | TOTAL | PER | TOTAL PER | TOTAL | PER 
(x 1,000) |CASES|} NO. | CENT |CASES} NO. | CENT |CASES| NO. CENT | CASES | NO. | CENT 
16 or > 60 57 95.0 84 79 94.0 83 67 80.7 252 168 ~~ 66.7 
12 to 15.9 43 40 93.0 69 58 84.1 70 57 81.4 383 191 49.9 
10 to 11.9 36 34 94.4 38 25 65.8 61 32 52.4 15 440 346 
< 10.0 17 16 94.1 26 22 =84.6 bs 24 45.3 587 129 22.0 
Total 156 147 94,2 217 184 84.8 267 180 67.4 1,540 598 38.6 














*Cases also having exudative tonsillitis-pharyngitis excluded. 








Sinee nearly all patients had positive cultures, there was little relation- 
ship between the total leukocyte count and the chance of Group A strepto- 
coeci being found in the throat culture in patients with scarlet fever. It was 
of interest that in 11 per cent of these patients the admission total leukocyte 
count was less than 10,000, and in 34 per cent, less than 12,000, cells. The 
latter count had been accepted as the minimal count for classifying patients 









as having a definite leukocytosis. 






In patients with exudative tonsillitis-pharyngitis there was a definite 
relationship between the leukocyte count and the chance of the throat culture 
being positive. Ninety per cent of patients with total leukocyte counts of 
12,000 or higher had positive cultures, whereas only 73 per cent of patients 
with lower counts had positive cultures. 









The total leukocyte count was of more importance in patients lacking the 





previously mentioned features of streptococcal infection. In these patients 





there was a direct correlation between the degree of leukocytosis and the 
recovery of Group A streptococci on throat culture under the conditions 
which prevailed in this recruit population during the period of study. It 
dysphagia or very tender anterior cervical lymph nodes were present in 
addition to a leukocytosis of 12,000 or higher, streptococci were recovered 
with just slightly less frequency than in cases of exudative pharyngitis with 
leukocytosis. Even in the absence of leukocytosis, Group A streptococci 
were recovered from the throats of nearly one-half of the patients with one 
or both of these findings. When these findings were absent, however, only 
the presence of a marked leukocytosis gave a better than even chance ot 
streptococci being recovered in the fhroat culture. There was a sharp break 
in the frequeney with which patients having total leukocyte counts below 
16,000 also had positive throat cultures. This decreased to where only one- 
third as many patients with counts below 10,000 yielded positive cultures as 
had patients with counts of 16,000 or more. The difference in frequency of 
positive cultures in patients with total leukocyte counts between 10,000 and 



















~~ 


py ma by ee 


W. 


Volume 44 PENICILLIN PROPHYLAXIS OF STREPTOCOCCAL INFECTIONS 74] 


Number 5 


12,000 and in those with counts below 10,000 is an indication that the criteria 
adopted excluded some patients with streptococcal infections from being 
classified as such. 

A total of 862 patients (75 per cent of those with positive throat cultures 
for Group A streptococci) with untreated, acute, uncomplicated respiratory 
infections met the criteria for classification as streptococcal infections. These 
are summarized in Table V. 


TABLE V. CLINICAL AND LABORATORY FEATURES IN PATIENTS ADMITTED DURING PERIODS 
WHEN PENICILLIN PROPHYLAXIS WAS Not BEING ADMINISTERED AND WHO WERE CLASSIFIED 

















PATIENTS 





INFECTIONS (EXCLUSIVE CATEGORIES ) NUMBER | PER CENT 





Systemic symptoms, WBC 12,000 or > 236 27.4 
Searlet fever 208 24.1 
Exudative pharyngitis 184 21.4 
No systemic symptoms, febrile, WBC 12,000 or > 93 10.9 
Dysphagia or very tender nodes, WBC 12,000 or > 90 10.4 
Dysphagia and very tender nodes 4.6 
No systemic symptoms or fever, WBC 16,000 or > 1.3 

Total 100.0 











TABLE VI. PosirivE THROAT CULTURES FOR GROUP A STREPTOCOCCI FROM 334 NAvy RECRUITS 
ADMITTED WITH UNTREATED ACUTE, UNCOMPLICATED, RESPIRATORY INFECTIONS DURING ORAL 
PENICILLIN PROPHYLAXIS IN RELATION TO CLINICAL FEATURES OF ILLNESS 








7 =i | | POSITIVE CULTURE 
| FOR GROUP A 
STREPTOCOCCI 


| | 
| CLINICAL FEATURES OF ACUTE RESPIRATORY INFECTIONS NUMBER 


GROUP | 
I Scarlet fevers 

Exudative pharyngitis 
Dysphagia or very tender nodes, WBC 12,000 or > 
Dysphagia and very tender nodes 
Systemic symptoms, WBC 12,000 or > 
No systemic symptoms or fever, WBC 16,000 or > 
No systemic symptoms, febrile, WBC 12,000 or > 


(EXCLUSIVE CATEGORIES ) | cases | TOTAL | TYPE 19 








Dysphagia or very tender nodes, WBC < 12,000 18 
Systemic symptoms, WBC < 12,000 85 
No systemic symptoms or fever, WBC < 16,000 49 
No systemic symptoms, febrile, WBC < 12,000 69 


Total 334 02—ts«48 








Group I. Classified streptococcal infection if culture positive for Group A streptococci. 

Group II. Not classified streptococcal infection in event positive culture. 

Acute, Uncomplicated, Nonpneumonic Respiratory Infections During Peni- 
cillin Prophylaxis—The 334 patients who qualified for this classification and 
who were admitted from the three regiments during the weeks in which 
prophylaxis was being administered are summarized in Table VI. Nearly all 
of the patients with positive throat cultures were admitted from the first and 
Second regiments during prophylaxis with 50,000 units of penicillin daily. 
Only four patients with positive cultures were admitted from the fourth 
regiment in the five weeks of prophylaxis with 500,000 units of penicillin 
daily. One of these had an exudative tonsillitis. Another qualified for 
Classification as having a streptococeal infection while the remaining two had 
Systemi¢ symptoms and a total leukocyte count of less than 12,000. 
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Referring to Table III, a total of 1,188 (53 per cent of all patients 
admitted before or after prophylaxis) had clinical or laboratory findings 
which could lead to their classification as a streptococeal infection if a Group 
A streptococcus was recovered from their throat. The classification of 
streptococcal infection was assigned to 73 per cent of the 1,188. Only 115 
(34 per cent) of the 334 patients admitted during prophylaxis had these 
clinical and laboratory findings. In only 24 per cent of the 115 were Group 
A streptococci isolated and a classification of streptococcal infection assigned. 
This suggested that in some cases which actually were streptococcal infections, 
the population of streptococci in the throat was so reduced by penicillin as to 
be missed by the single throat culture. 

Relation of the Degree of Positivity of the Throat Culture to the Serologic 
Classification of Streptococci and the Incidence of Certain Clinical and Labora- 
tory Findings in Patients—A relatively high pereentage of the streptococci 
isolated during the study formed many large mucoid or matt-mucoid colonies 
on the sheep’s blood agar plates. These were usually identified as being Type 
19. Other plates were seen to have smaller matt or glossy colonies. In order 
to determine the relationship between colonial growth and character and 
streptococcal infection, the amount of growth, colonial character, and sero- 
logie classification of all streptococci isolated from patients were examined. 

Sixty-seven per cent of all Type 19 strains isolated were recorded as 
from plates containing a pure culture or predominant growth of matt or matt- 
mucoid colonies of beta hemolytic streptococci. In only 10 per cent had the 
colonies been recorded as appearing glossy with a majority of instances 
occurring in plates containing less than 10 colonies. 


TABLE VII. DISTRIBUTION OF BETA HEMOLYTIC STREPTOCOCCI ISOLATED FROM PATIENTS WITH 

STRONGLY POSITIVE AND WEAKLY POSITIVE THROAT CULTURES ADMITTED DURING PERIODS 

WHEN PENICILLIN PROPHYLAXIS WAS Not BEING ADMINISTERED ACCORDING TO CHARACTER 

OF COLONIAL GROWTH ON SHEEP’S BLOOD AGAR 

“NUMBER : PER CENT 
MATT OR | | MATTOR | | 

COLONIAL CHARACTER | MUCOID GLOSSY MUCOID | GLOSSY 

DEGREE POSITIVITY* |}+++OR++ + +4+4+OR++ + 

Group A 19 449 5 29 42 67 23° 4 

Type 1, 3, or 12 85 ( 61 120 ra 

Other 26 ¢ 22 24 32 

Untyped 27 23 19 36 

Total group A 587 22 135 205 51 


Not group A ie 30 «6.19 


*+++Pure culture, ++Predominant growth, +Less than 10 colonies. 


~ CULTURE 








| +++ OR++ + +++ OR ++ 














Only about one-third of all other Group A streptococci isolated were 
recorded as being from plates with many colonies appearing grossly similar 
to those formed by Type 19. Only about one-half of the other strains were 
recorded as being matt when viewed without the aid of magnification. The 
glossy appearance of Type 12 streptococcal colonies is probably one factor 
in this lowered percentage of matt colonies in strains of Group A other than 
Type 19. 
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Administration of penicillin prophylaxis not only reduced the number of 
patients with positive cultures but altered the distribution of strongly and 
weakly positive throat cultures in patients admitted during the periods of 
administration. 
TABLE VIII. DrGREE oF PosITIvITy OF THROAT CULTURES FOR TYPE 19 AND OTHER BETA 
HEMOLYTIC STREPTOCOCCI FROM PATIENTS ADMITTED DURING PERIODS WHEN PENICILLIN 

PROPHYLAXIS WAS AND WAS Not BEING ADMINISTERED 








PATIENTS WITH POSITIVE THROAT CULTURES 





AFTER DURING DAILY PROPHYLAXIS WITH 





| BEFORE AND | 
THROAT CULTURE | PROPHYLAXIS | 50,000 units | 500,000 UNITS 
SEROLOGIC CLASS OF | DEGREE OF | | PER | | PER | | PER 
STREPTOCOCCI | POSIT.* NO. | CENT | NO. | CENT | NO. CENT 
Type 19 +++ 205 30 9 3] 
at 286 43 7 24 0 
+ 183 27 13 45 
Types 1, 3, and 12 85 27 3 11 
+ 120 38 10 37 
+ 110 35 14 
Other types 16 20 ] 
++ 34 42 ] 
+ 31 38 2 
Untyped 18 24 
aH 28 37 
+ 30 39 
Total 324 28 
Group A be 468 41 29 
~ 354 31 36 5] 
Not wet 15 21 
Group A ++ 18 25 
- 38 54 12 100 


*+4+4+Pure culture, ++Predominant growth, +Less than 10 colonies. 











EFOOCORHH OR 








Before and after prophylaxis, 69 per cent of the positive cultures of 
Group A streptococci were recorded as having beta hemolytic colonies in pure 
or predominant growth on the blood agar plate. During administration of 
50,000 units of penicillin daily, a grossly equal amount of growth was ob- 
served in only 49 per cent of the plates recorded as being positive for beta 
hemolytie streptococci. Three-fourths of the Type 19 colonies were described 
as matt or matt-mucoid, while the same proportion of other Group A strepto- 
coceal colonies were described as being glossy. All colonies of strains other 
than Group A were glossy. 

There was no marked difference in the proportion of cultures with many 
colonies or with few colonies between Type 19 and the other strains of strepto- 
cocci. For convenience, those in which predominant growth or a pure culture 
were recorded are referred to as strongly positive, and those in which only a 
few colonies were recorded are referred to as weakly positive. 

In an attempt to assess the differential importance of the degree of 
positivity of the throat culture, the incidence of various clinical and laboratory 
findings was compared between patients with positive cultures for Type 19, 
for other types, and for patients with negative cultures. 

In examining these data it is important to recall that 75 per cent of 
patients with positive throat cultures for Group A streptococci met the eriteria 
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TABLE IX. RELATION OF THE DEGREE OF POSITIVITY OF THE THROAT CULTURE FOR TYPE 19 

AND OTHER GROUP A STREPTOCOCCI TO THE INCIDENCE OF CERTAIN CLINICAL AND LABORATORY 

FINDINGS IN PATIENTS* ADMITTED WITH RESPIRATORY INFECTIONS DURING PERIODS WHEN 
PENICILLIN PROPHYLAXIS WAS Not BEING ADMINISTERED 





| PER CENT OF PATIENTS WITH ITEM 





TYPE vi 19 
DEGREE t | STRONG | WEAK 


OTHER CULTURE 
STRONG | WEAK | NEGATIVE 





THROAT CULTURE 
Scarlet fever 27 15 2 2 
Exudative pharyngitis 21 0 21 13 
103 14 15 9 
Admission oral ‘oe 33 o ee 
Temperature ° F > “4 = “4 
‘ 100 84 84 81 
99 96 9; 95 96 
Systemic symptoms 68 5$ 66 
Myalgia 31 é 29 
Arthralgia 6 6 
Sore throat, total 88 88 
dysphagia only 32 21 
Tender cervical nodes, total 68 60 
very tender nodes only 18 1] 
dysphagia and very tender nodes’ 12 6 
Admission 16,000 37 33 : 12 
total ) 14,000 or > 57 49 2 19 
Leukocyte ) 12,000 68 68 5! 34 
count L 10,000 87 78 83 81 55 
301 171 1,451] 











i DO < 
H= GO He OLR Or) 


=r) 
bo 





Number of patients — 491  =183 





*Excludes patients with immunizations, complications, chronic or residual symptoms, and 
incomplete information on any item. 

+Degree of positivity—strong indicates either pure culture or predominant growth, weak 
indicates less than ten colonies on sheep’s blood agar plate. 


for classification of a streptococcal infection as adopted for this study (Table 
V). Inelusion of patients admitted during the first week after the several 
periods of prophylaxis and of patients with a duration of symptoms up to 120 
hours in the current analysis probably did not alter this percentage to any 
oreat degree. 

One of the outstanding differences between patients with positive cultures 
for Type 19 and those with other Group A streptococci was the incidence of 
searlet fever in relationship to Type 19. The few cases that occurred in 
patients not harboring Type 19 were caused by Types 1, 3, and 12. Although 
searlet fever did not occur in as high a percentage of patients with weakly 
positive cultures, the incidence in such patients was still such that a weakly 
positive culture was of considerable importance. The figures in Table IX are 
misleading as to the true incidence of exudative pharyngitis in relationship to 
Type 19 streptococci. Approximately 25 per cent of patients with scarlet 
fever also had exudative tonsillitis-pharyngitis (Table III) and so the true 
incidence of exudative tonsillitis in those with Type 19 streptococci should be 
a few per cent higher. Despite this overlap, the two manifestations of strepto- 
eoecal infection seem independent, -with scarlet fever closely related to a 
particular type and exudative tonsillitis-pharyngitis unrelated to type. 

In general, patients with strongly positive cultures departed further from 
patients with negative cultures in the incidence of the selected manifestations 
of respiratory infection than did patients with weakly positive cultures. This 
was seen mostly in relation to a fever of 103° I*. or higher, systemic symptoms, 
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and the total incidence of sore throat and tender anterior cervical lymph 
nodes. The differences were more consistently observed in relation to Type 19 
streptococci than in relation to the other types. 

Major differences between the incidence of the selected clinical and 
laboratory findings in patients with negative cultures and in those with posi- 
tive cultures occurred in only a few findings. These were scarlet fever, 
exudative tonsillitis-pharyngitis, myalgia, dysphagia, tender anterior cervical 
lymph nodes, and leukocytosis. While high fever tended to occur more fre- 
quently in those with strongly positive cultures, it was sufficiently frequent 
in patients with negative cultures to negate this difference as being clinically 
important. The same observation might be made about systemic symptoms 
such as chills or chilliness, feverishness, prostration, or headache. Nausea and 
vomiting were rarely encountered. Arthralgia had occurred in a minority of 
patients by the time of admission and did not appear to be influenced by the 
presence or absence of streptococci in the throat. 

Thirty-four per cent of patients with negative throat cultures had total 
leukoeyte counts of 12,000 or higher, and in 55 per cent the count was above 
10,000. Despite this relatively high incidence of leukocytosis in nonstrepto- 
coceal infections among these men, the incidence was two to three times 
greater among men with positive throat cultures. (It is worth pointing out 
that the difference between patients with rubella and those with acute un- 
differentiated respiratory infections was about as much as between the latter 
and those with positive throat cultures.) 

Incidence of Selected Clinical and Laboratory Findings in Patients With 
Negative Cultures for Beta Hemolytic Streptococci Admitted During Pro- 
phylaxis.—The remarkable effectiveness of the daily dose of 500,000 units of 
penicillin’? suggested another approach in determining the probable accuracy 
of the cultural methods. Any effects of dose in altering the admission of 
patients with missed positive cultures should be evident in a lowered incidence 
of the more important clinical and laboratory features of streptococeal in- 
fection among patients with negative cultures. Accordingly, an analysis was 
made of patients with negative cultures admitted during the administration of 
prophylaxis with 50,000 units and with 500,000 units daily. Since the admis- 
sion rates for all respiratory infections were much lower after the second 
period of prophylaxis than before the first and possibly reflected a seasonal 
change in the diseases, admissions during these periods ‘before and after 
prophylaxis have been shown separately. Admissions during the interval 
between the first and second courses of penicillin in the second and fourth 
regiments have been included as after penicillin. 

Outside of the elimination of searlet fever, neither dose of penicillin 
appeared to have any marked effect on the incidence of these selected mani- 
festations of acute respiratory infection. The percentage of patients with an 
admission temperature of 102° F. or over was slightly lower in both prophy- 
lactie groups without any increase in the percentage of patients without 
fever. In the group which received the larger dose there was also a slightly 
lower ineidence of myalgia and dysphagia. These differences, while statistically 
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TABLE X. CLINICAL AND LABORATORY FINDINGS IN PATIENTS WITH NEGATIVE THROAT CULTURES 
FOR BETA HEMOLYTIC STREPTOCOCCI ADMITTED FOR ACUTE RESPIRATORY INFECTIONS BEFORE, 
DURING, AND AFTER ORAL PENICILLIN PROPHYLAXIS 








DURING 
RELATION TO PENICILLIN PROPHYLAXIS | BEFORE |~ 50,000 | 500,000 | AFTER — 
DAILY DOSE OF PENICILLIN | NONE UNITS UNITS NONE 
| ware 
| 











TOTAL NUMBER ADMITTED 684 | 318 
(103 9 5 
J 102 24 19 
. q 101 or > 41 39 
a ] 100 68 76 
L 99 90 90 
Chills, prostration, ete. 46 50 
Myalgia 19 14 
Arthralgia 6 5 
Per cent of Generalized headache 4 
patients Sore throat, total 61 
with Sore throats and dysphagia 7 
Tender cervical nodes, total 24 
Very tender nodes é 
Dysphagia and very tender nodes 
Admission ( 16,000 
total ) 14,000 
Leukocyte ) 12,000 or > 
count ( 10,000 
Scarlet fever 
Exudative pharyngitis 2 





Admission 
oral 





*Statistically significant difference at P = < .05 level or greater. 


significant, can be accorded no great clinical significance. It would seem fair 


to conclude that neither beta hemolytic streptococci or any other penicillin- 
sensitive organism had any important role in the illness of patients with 
negative throat cultures at admission. 

Relation of Tonsils to Exudative Tonsillitis-Pharyngitis and to Scarlet 
Fever.—Fifty-one per cent of patients gave a history of having had a tonsillec- 
tomy. In men with a prior history of tonsillectomy, tonsillar remnants were 
frequently present and exudate was sometimes found on the remnants. Most 
often when the tonsillar fossae were virtually devoid of lymphoid tissue, any 
exudate seen was along the lateral margins of the posterior pharynx and was 
scanty in comparison to amounts seen in patients with tonsils. 

As seen in Table XI there was a close relationship between the presence 
of tonsils and the finding of exudate which was independent of the type of 
streptococcus isolated from the throat. Considering only the three strains of 
streptococci which were prevalent and caused most infections, Types 1, 3, and 
19, three to four times as many patients with positive cultures for these types 
and with tonsils had exudate visualized as did patients with these types and 
no tonsils. There was no apparent tendency for patients with tonsils to 
exhibit a higher percentage of positive cultures for either the prevalent or 
sporadie types of streptococci than was found in patients without tonsils. 
Neither was there any tendency for scarlet fever to occur more often in 
patients with tonsils. 

Similar analyses of admissions during the period of prophylaxis were 
also made. The few cases with positive cultures that had exudate or searlet 
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TABLE XI. RELATION OF TONSILS TO OCCURENCE OF EXUDATIVE TONSILLITIS-PHARYNGITIS 
(EXP) oR SCARLET FEVER (SF) IN PATIENTS* WITH POSITIVE AND NEGATIVE CULTURES FOR 
BetTA HEMOLYTIC STREPTOCOCCI 











STREPTOCOCCI 
IN THROAT | TOTAL NO. | NUMBER PER CENT WITH NUMBER PER CENT WITH 
CULTURE | CULTURED | PATIENTS | EXP | SF _ | PATIENTS | EXP | = SF 

Type 1] 166 69 97 24 
Type 3 156 7 78 28 
Type 19 784 3 403 34 
Other typest 75 36 : 39 26 
Type 11} (60h 3s : 38 39 
Untyped$ 86 : 48 33 
Total Group A 1,344 j : 703 32 
Not Group A 88 aE ¢ 55 25 
Negative 1,564 ¢ | 775 4|| 


Tol = 3086 «Cl 1S mC<C tsi‘ C~*~*;*‘C*K 18 


*Excludes patients admitted during penicillin prophylaxis, with incomplete history 
tonsillectomy, prolonged or chronic symptoms, and with only complications. 
‘Types 2(1), 5(9), 6(8), 12(52), 18(1), 23(1), 26(€1), 28(1), 43(1). 
tMay not be Type 11, obtained with only lot of antisera. 
§Did not react with available antisera or were not tested. 

\||Statistically significant difference (P = < .01). 








TONSILS ABSENT | TONSILS PRESENT 




















fever did not allow any conclusion. Exudative pharyngitis was more common 
in those with tonsils regardless of the results of culture. 

The data were further analyzed to learn if there was any, relationship 
between tonsils and the degree of positivity of the throat culture. Consider- 
ing only Type 19, there were 633 patients with complete information. Of 453 
with strongly positive cultures, 207 or 46 per cent had at least the major 
portion of their tonsils removed while 49 per cent of 180 patients with weakly 
positive cultures had had a tonsillectomy. Of 278 with strongly positive 
cultures for types other than Type 19, 49 per cent, and of 158 with weakly 
positive cultures, 44 per cent, had had a tonsillectomy. These differences were 
not statistically significant. 

DISCUSSION 

Evaluation of the results of preventive measures aimed at one specific 
type of acute respiratory infection is at times a complex problem in popula- 
tions which suffer multiple respiratory infections of varying etiology within 
a short time span. Most of the difficulty arises from a lack of simple methods 
for classifying respiratory infections into etiological entities and a consider- 
able overlap in clinical phenomena in infections of diverse etiology. The 
experience of this Navy recruit population during the winter months was 
probably not an unusual one for any recruit population trained in areas where 
streptococeal infections become prevalent. 

‘‘Carrier’’ rates for Group A streptococci are usually found to be high 
at times when streptococcal infections are epidemic in a population. When 
epidemic or endemic respiratory infections of nonstreptococeal etiology occur 
in men earrying prevalent strains in their nose or throat at the same time 
epidemic streptococcal infections are occurring, the accurate differentiation 
of that proportion of illnesses actually due to streptococcal infection becomes 
especially difficult. In the preantibiotic era it was suggested that an elevation 




























































































































































748 SEAL, MOGABGAB, FRIOU, AND BANTA J. Lab, & Clin. Mes 
of the antistreptolysin 0 titer was the preferred differential method.™* Since 
antibiotics have come into general usage for the treatment of all febrile acute 
respiratory infections and may suppress the antibody response to streptococcal 
infection,’> immunologic evidence is no longer reliable. 

In the present study arbitrary criteria for the recognition of streptococcal 
infections had to be adopted in order to calculate admission rates for these 
infections. It naturally was of interest to attempt to assess the accuracy of 
the diagnosis as made by these criteria. One method for accomplishing this 
when immunologic data are lacking is to estimate the ‘‘carrier’’ rate from 
eases thought not to be of streptococcal etiology. In Table IV, 22 per cent of 
eases lacking such findings as searlatinal rash, exudate in the pharynx, dys- 
phagia, very tender cervical nodes, or a white blood cell count of 10,000 cells 
per cubic millimeter or higher had positive throat cultures for Group A 
streptococci. This is double the per cent of cases of rubella which were 
admitted from the same populations during the same weeks that had positive 
cultures, but for purposes of discussion the carrier rate might be assumed to 
lie somewhere between 11 and 22 per cent. If twenty per cent of the patients 
were carrying Group A streptococci in their throats which were unrelated to 
the respiratory infection causing admission, then presumably the excess of 
positives in any category in Table III or Fig. 3 would be due to actual 
streptococcal infection. This reasoning, if carried to its logical conclusion, 
would indicate that only 74 to 80 per cent of cases of scarlet fever were of 
streptococcal etiology. This is only slightly relieved if only those cases are 
considered from which Type 19 streptococci were isolated. As this is hardly 
reasonable, it is necessary to conclude that a considerable proportion of the 
cases with positive cultures excluded from being classed as streptococeal in- 
feetions by the criteria were actually of this etiology. It has previously been 
pointed out in the epidemiologic background that there were suggestive evi- 
dences of dual or superimposed infection in those cases of rubella with positive 
cultures so even these cannot be accepted to represent true carriers in all 
instances. It may be that had the degree of positivity of the culture, the type 
of colonial growth, and the serologic type distribution been taken into account 
in the criteria, somewhat greater accuracy could have been achieved. 

While scarlet fever is almost universally accepted as being caused by 
Group A streptococci, it is known that exudative tonsillitis-pharyngitis of 
nonstreptococeal etiology does occur. While large numbers of cases of exuda- 
tive tonsillitis-pharyngitis have not been observed in Navy recruit populations 
in the absence of epidemic streptococcal infections, the problem of the 
examiner is differentiation of the single case. The Commission on Acute 
Respiratory Diseases described the main differential features of streptococcal 
and nonstreptococeal exudative tonsillitis and pharyngitis..° Streptococcal 
infections generally have a more acute onset with sore throat and systemic 
symptoms, higher fever, diffuse redness and edema of the mucous membranes 
of the pharynx, a discrete or confluent exudate usually on the tonsils, enlarged 
and tender cervical nodes, and a moderate leukocytosis, Nonstreptococcal 
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exudative tonsillitis and pharyngitis is generally milder, has a more gradual 
onset, the exudate is less extensive and may be confined to the posterior 
pharyngeal wall rather than the faucial tonsillar tissue, inflammation of the 
mucous membranes is less prominent, as is cervical lymphadenopathy, and the 
total leukocyte count is either normal or slightly elevated. They also pointed 
out that clinical differentiation, even when combined with the results of the 
throat culture, was not infallible. Under the conditions of the present study it 
would appear that the vast majority of patients with exudative lesions in the 
throat represented streptococeal infections. Although the total leukocyte 
count was of some value in differentiation, it afforded no exact separation and 
there was a considerable overlap in this feature between cases of nonstrepto- 
coceal and streptococeal exudative tonsillitis-pharyngitis. As had been pointed 
out*by others,*-?° it was also obvious in the results that the finding of exudate 
is dependent to a large degree on the proportion of the population who retain 
their tonsils. 

The difference in type distribution of streptococci isolated from cases of 
exudative tonsillitis or pharyngitis and scarlet fever was of interest. The 
findings in scarlet fever were confirmed on reculture of these patients in the 
hospital. Few of the patients with scarlet fever admitted without exudate 
in the pharynx developed this finding under observation.'' Thus, we have one 
classic manifestation of streptococcal infection caused almost entirely by a 
Type 19 streptococcus in which exudative tonsillitis or pharyngitis was not a 
prominent finding. In another group of cases it was a prominent feature and 
was unrelated to any particular type of streptococcus. In fact, the percentage 
of cases of searlet fever with exudate and of nonsearlatinal streptococcal in- 
fections with exudate appeared to be about equal and suggested that exuda- 
tive lesions in the pharynx are a characteristic of host reaction rather than 
the infecting streptococcus. 

It was apparent that a majority of cases of streptococcal infection in the 
present series lacked either of the distinguishing features of scarlatinal rash 
or exudative lesions in the throat. Of the total of 2,232 cases observed, 1,807 
lacked these findings. Positive cultures for Group A streptococci were ob- 
tained in 778 of the 1,807 eases. Sixty-two per cent of the positive cultures 
were isolated from cases with a total leukocyte count of 12,000 or more, 
whereas such cases comprised only 43 per cent of the 1,807. Even if one 
assumed the earrier rate to be 22 per cent (Table IV) only 182 of the 485 
cases with positive cultures and a leukocytosis could be discounted as carriers 
of streptococci who were suffering from nonstreptococeal infections. Even 
when all cases with dysphagia or very tender cervical nodes are excluded, 
there still remains a high percentage of the total cases which must be con- 
sidered streptococcal infections. These cases lack any distinctive finding 
which would set them apart from other nonstreptococeal respiratory in- 
fections save a positive culture. While the total leukocyte count may suggest 
the probable outcome of the throat culture, particularly if it is very high or 
is within normal limits, it probably would be of little help to an examiner in 
classifieation of a single case which lacked other distinctive features and does 
hot appear to be as reliable as would be the results of a throat culture. 
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The criteria adopted were in many respects more conservative than those 
of Loge and Kilbourne.**. During an epidemic of streptococeal infections in 
a military camp these workers employed the following criteria in the majority 
of eases: (1) fever greater than 100° F. on day of admission; (2) predominat- 
ing growth of beta hemolytic streptococci on initial throat culture; and (3) an 
admission total leukocyte count greater than 10,000 cells per cubic millimeter. 
Infections were caused by Types 19 and 23 streptococci and 14 per cent of 
their patients had a searlatinal rash. Significant increases in antistreptolysin 
0 titer occurred in 84 per cent of untreated patients. The variability of 
clinical manifestations of streptococcus infections has been discussed by Rantz 
and his co-workers in a series of papers.’*?° In particular they pointed out 
the paucity of symptoms and signs in milder cases. The criteria adopted by 
these workers in epidemiologic studies on a military post were: presence of 
large numbers of Group A streptococci in the nose or throat, and exudative 
tonsillitis or marked redness and edema of the soft tissues of the throat, 
especially when definite tender adenitis of the anterior cervical nodes was 
discovered. Immunologie evidence of infection was obtained in 87.5 per cent 
of patients classed as streptococeal infections by these criteria. This restrictive 
classification excluded many subclinical or mild infections, as was demon- 
strated during a food-borne epidemic.?° Similar observations concerning the 
variability of clinical manifestations and difficulties of accurate diagnosis of 
sporadic streptococcus infections’ and those encountered during a_ food- 
borne epidemic’? have been made by the Commission on Acute Respiratory 
Diseases. 

It is probable that no set of criteria can be derived which will accurately 
define every case of streptococcal infection and differentiate them from cases 
of nonstreptococeal etiology during seasons of high prevalence of respiratory 
infections in military camps. Nor is it necessary that exhaustive clinical and 
laboratory studies be undertaken in this attempt. As indicated by the present 
study, a sufficient proportion of eases can be recognized with relative ease to 
indicate that streptococcal infections are prevalent. Data are available which 
indicate that many, or even most, individuals who acquire streptococcal in- 
fections during epidemics in military camps do not voluntarily seek treatment 
for these infections even when they have symptoms. *? A proportion, which 
may be as high as 20 per cent in some epidemics, will have few if any symp- 
toms or clinical findings and can only be detected by culture and other labora- 
tory evidences.'” 2° 2? Admission rates or any other rates calculated from men 
observed at medical installations provide only a qualitative index as to the 
presence of an epidemic and by no means reflect the total number of cases 
occurring. Since men who do not-apply for treatment are probably more 
likely to have complications and sequelae of streptococcal infection than are 
those who receive adequate treatment, the occurrence of any number of cases 
in a military population would seem to call for institution of a prophylactic 
program, particularly if the risk of the program is less than is the risk of 
serious complications following streptococcal infection. 
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Where a reasonably accurate estimate of admission rates for streptococcal 
infections is desired, the accuracy of diagnosis in the individual cases can be 
greatly increased if cultures are available and the results are combined with 
clinical and laboratory results. Scarlet fever probably needs no further 
identification. Cases of exudative tonsillitis or pharyngitis with a leuko- 
cytosis and a positive culture can be considered unequivocal cases of strepto- 
coceal infection. Lacking these findings, patients with dysphagia, very tender 
anterior cervical nodes, or both, if also having a leukocytosis and a positive 
culture, can also be considered streptococcal infections. Fifty per cent or more 
of patients lacking all of the previously mentioned more typical features who 
have positive throat cultures for Group A streptococci during an epidemic can 
also probably be considered streptococeal infections. If the total leukocyte 
count is made, the percentage can be estimated more accurately. If the 
culture is strongly positive, or if both nose and throat cultures are positive, 
the accuracy of diagnosis will be further increased. These opinions are con- 
firmed by the results obtained when 500,000 units of oral penicillin were given 
daily to the fourth regiment. These results showed clearly that many cases 
of streptococeal infection were being erroneously classified as being of non- 
streptococcal etiology by the criteria adopted in this study.’ The throat 
culture was probably the most important single item in the diagnosis in a 
majority of cases and should have been afforded more weight than it was 
given. A recent report by Breese and Disney** has also emphasized the 
necessity of throat cultures for differentiation of streptococcal and non- 
streptococeal respiratory infections. These experienced observers working 
with children and utilizing all data available, including knowledge of strepto- 
coceal infections in other members of the family, were able to predict the re- 
sults of the throat culture in only 75 per cent of patients thought to have 
streptococeal infections and 77 per cent of patients thought not to have them. 
Since positive cultures were rarely obtained from healthy children and it was 
probable that nearly all of the positive cultures represented infection, the 
culture was the most important single element in a correct diagnosis. 

Maxted®> has reported a method for differentiation of Group A strepto- 
cocci from other beta hemolytic streptococci by use of bacitracin-impregnated 
disks on the surface of blood agar plates. His results have been confirmed in 
this laboratory and the method appears to be nearly as accurate as serologic 
identification in routine laboratory screening of freshly isolated strains of 
Sstreptocoeci.2° This advance further simplifies the cultural methods for 
identification of Group A streptococci and brings identification of these 
organisms within the reach of any laboratory. 


SUMMARY AND CONCLUSIONS 
An epidemic of streptococeal respiratory infections occurred at a Naval 
Training Center during the winter of 1952 to 1953. Intercurrent epidemies of 
influenza A and rubella also occurred. The recruit population was most 
Severely involved py the streptococeal and rubella epidemics. Other respira- 
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tory infections were also prevalent in the recruit population throughout the 

winter. Prior to February, a Type 19 streptococcus was the most prevalent 
type. In the spring, a Type 3 streptococcus also became prevalent. 

Searlet fever was a prominent manifestation of Type 19 streptococeal in- 
fection but rarely occurred with other types. Exudative tonsillitis or pharyn- 
gitis was another prominent manifestation of streptococcal infections and was 
not related to any particular type of streptococcus. It was closely related to 
the presence of tonsils, being four times as frequent in patients with tonsils 
as in those without. Despite the frequency of occurrence of scarlet fever and 
exudative tonsillitis or pharyngitis, these two more easily recognizable mani- 
festations of streptococcal infection occurred in less than one-half of the 
cases classed as such. 

In streptococcal infections having neither a scarlatinal rash nor exudative 
lesions in the throat, the results of the throat culture for Group A streptococci 
was the single most important distinguishing feature. When the results of 
the culture were combined with one or more of the findings of dysphagia, very 
tender anterior cervical nodes, or a total leukocyte count of 12,000 cells per 
cubic millimeter or higher, the diagnosis of streptococcal infection was made 
within reasonable limits of accuracy. Even in the absence of these laboratory 
and elinical evidences of infection, it appeared that one-half of the cases of 
respiratory infection with a positive culture were of streptococcal etiology. 
Percentage differences existed between the frequency of such findings as high 
fever, malaise, myalgia, sore throat, and tender cervical nodes in respiratory 
infections of streptococcal and nonstreptococeal etiology. All of these occurred 
with sufficient frequency in nonstreptococeal respiratory infections, however, 
as to make them of little differential value in the individual case. This was 
also true of a leukocytosis of any degree less than 16,000 cells per eubie milli- 
meter. A strongly positive throat culture was more often associated with 
evidences of infection than was a weakly positive culture but even a weakly 
positive culture was of considerable importance. 

Oral penicillin prophylaxis with a dose of 250,000 units twice daily 
virtually eliminated admission of patients with positive cultures, scarlet fever, 
and exudative tonsillitis or pharyngitis. Prophylaxis with a dose of 50,000 
units once daily reduced the number of admissions with evidences of strepto- 
eoceal infection and seemed to reduce the degree of positivity in those with 
positive cultures. Neither dose had any effect on the frequency of selected 
clinical and laboratory findings in patients with acute respiratory infections 
and negative cultures or on the incidence of rubella. 
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HE use of the electronic flash tube as a source of illumination was a fun- 
damental advance in the science of photomicrography. It was reported 
by Richards in 1947,’ although at that time it was still an experimental pro- 
cedure requiring elaborate apparatus. 

This paper describes an improved apparatus and method which has been 
designed and used by us. In practice it has proved simple to operate, adapt- 
able to a variety of procedures, and capable of the most exacting work in all 
fields of photomicrography. 















APPARATUS AND METHODS 





Apparatus.—The apparatus described was designed originally in an atttempt to improve 
an existing method of taking capillary photomicrographs.2 Subsequently, it was adapted for 
use with transmitted light and for phase contrast work. The apparatus consists essentially of 
four parts—flash unit, microscope, camera, and exposure meter. 

Flash Unit.—This unit consists of a Kemlite flash tube, type Dx, and a General Electric 
incandescent lamp, #1493, connected by about 6 feet of flex to the power unit and switch. 

The incandescent lamp is mounted at right angles to the axis of a hollow metal cylinder 
(1% inches in diameter and 6 inches long) with the filament of the lamp (2 mm.) centered in 
the axis of the cylinder. The flash tube is mounted axially in the cylinder so that it will flash 
through the glass bulb of the incandescent focusing lamp, a ground glass screen, and an iris 















diaphragm (Fig. 1). 


The power unit consists of two portions—one for the flash tube and the other for the 







incandescent lamp, with a rheostat to adjust the intensity. The circuit diagram of the whole 





unit is shown in Fig. 2. 

Microscope.—Reflected light: The adjustable stand and arm from an American Optical 
stereoscopic microscope was used in conjunction with a Zeiss microscope body. A Leitz Ultro- 
pak with objectives 3.8x, 6.5x, and 11x facilitated the examination of objects by reflected light. 
The flash unit could be screwed onto the Ultropak and the amount and quality of incident light 
on the object adjusted by means of a diaphragm and filter (Fig. 3). 

By means of a connecting tube, the camera unit could be inserted into the microscope eye- 










piece. 
Transmitted light: A Zeiss phase contrast substage condenser and objectives (90x, 40x, 
and 20x) were attached to the body of a Zeiss microscope. A Leitz periplan eyepiece (10x) was 
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eo diaphragm Flash tube (Kemlite, type Dx) 


Fig. 1—Flash unit. Note that the flash tube is mounted axially and shines through the 
envelope of the incandescent bulb. 
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Fig. 2.—Circuit diagram for flash and power unit. 
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Fig. 3.—Apparatus for photomicrography by reflected light, showing camera unit, Leitz 
Ultropak, flash unit, and adjustable stand. 


Fig. 4.—Apparatus for photomicrography by transmitted light, showing exposure meter, power 
unit, camera, microscope, and flash unit. 
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used for preliminary focusing and then attached to the camera unit. The microscope was 


mounted vertically on a table and centered over an aperture through which the flash unit pro- 
jected a beam onto the substage condenser. The distance between the flash unit and the 
microscope could be altered by means of a sliding screw under the table (Fig. 4). 

Camera.—The camera unit consisted of camera, reflex viewing attachment, and switch. 
The camera was a Leica IIIa. To this the Leitz Aristophot reflex viewfinder was fixed. An 
adaptor enables this to be attached direct to the eyepiece of the microscope or to a tube which 
can replace the eyepiece. The viewfinder, when attached direct to the eyepiece, allows visualiza- 
tion of the central one-third of the image which will appear on the film. The viewfinder image 
is magnified 15x and facilitates very accurate focusing. 

The switch was arranged so that actuating the cable release performed the following 
actions: (1) broke the circuit to the focusing lamp; (2) raised the reflex mirror; (3) opened 
the shutter and (4) closed the circuit to produce a flash. 

Satisfactory work has been done with a separate switch for the flash unit and an ordinary 
cable release for the camera, but where speed is important a mechanism such as described is an 
advantage. 

Exposure Meter.—A General Electric photovoltaic cell coupled to a General Electric gal- 
vanometer (Cat. 32 C. 231 G9) was used to determine the light intensity necessary for correct 
exposure. First, the incandescent light operating on 6.0 volts was switched on and the rheostat 
was turned up to give maximal intensity. Second, the photovoltaic cell was placed in the posi- 
tion of the eyepiece of the microscope. Finally, by means of neutral filters inserted between the 
illuminant and the substage condenser, the light intensity on the object was adjusted to give a 
known galvanometer deflection. The requisite galvanometer reading for each type of film had 
been determined by making a strip of test exposures with each type of film to be used. It is 
clear that the intensity of light from the incandescent lamp on the object is reduced by the 
insertion of neutral filters between them. Likewise, the intensity of the flash also passing 
through the same filters would suffer a comparable reduction in intensity. If now a series of 
test exposures reveals that, for instance, Kodachrome for adequate exposure requires a galvan- 
ometer reading of 40 and a given object under illumination produces a galvanometer reading of 
60, then when neutral filters are introduced between the light and the object to reduce 
the reading to 40, a normal exposure from the use of the flash may be anticipated. 


RESULTS 
Representative types of photomicrographs obtainable are illustrated in 
Kies. 5 to 8. 
COMMENT 


IIluminants in common use for photomicrography suffer from three major 
defects: 1. low intensity requiring long exposures and consequently a vibra- 
tion-free system and statie object; 2. small and uneven light source corrected 
only by an auxiliary condensing system; 3. relatively high heat production 
compensated for by the use of heat filters. 

The electronic flash, because of its extremely high intensity (about 500,000 
Watts) and brief duration (1/5,000 second), eliminates these defects. Photo- 
micrographs of motile organisms can be taken under high powers without a 
specially vibration-free system. When flashed through a ground glass filter it 
forms a large, even source of illumination. In addition it emits little heat (this 
tube could be flashed in contact with one’s skin with no adverse effect; hence, 
no auxiliary lens system or heat filters are required. 

Moreover, the cost of a flash unit compares favorably with that of other 
comparably powerful illuminants, for example, the carbon are. 
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Fig. 5. 





Fig. 6. 


Fig. 5.—Capillaries of nailfold. Phot graphed by reflected light via Ultropak. Objective 
1lx. Total magnification 90x. 


Fig. 6.—Renal tubules. Photographed by fransmitted light on Kodachrome. Objective 
90x. Ocular 10x. 











ERE, REN. 


— 











mcr . PHOTOMICROGRAPHY WITH ELECTRONIC FLASH 759 
Number 





Fig. 8. 


Fig. 7.—Amoeba proteus (motile). Photographed by phase contrast on Kodachrome. 
Objective 20x. Ocular 10x. 

Fig. 8.—Nucleus of living Amoeba proteus. Photographed by phase contrast on Koda- 
chrome. Objective 90x. Ocular 10x. 
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SUMMARY 


An apparatus and method, using an electronic flash for photomicrography, 
are described. 

The advantages of this illuminant are 1. high intensity, 2. brief duration, 
3. even illumination, and 4. absence of heat. 

These advantages simplify the technique and increase the scope of photo- 
micrography, first, by obviating the necessity for a vibration-free system, 
auxiliary condensing lenses, and heat filters; and second, by enabling one to 
take at high powers of phase contrast high-speed color photographs of living 
organisms. 

We wish to thank Martin Jacobs, who designed the circuit and was partly responsi- 
ble for the idea of using the electronic flash, and Merlin Neher, whose technical skill and 
co-operation made possible the lamp housing and switch.* 
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*Since this article was written, another on the same subject has been brought to our 
notice. This describes some simple and relatively inexpensive apparatus, which, however, 
necessitates a rather complicated procedure.* 
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(INTRODUCED By WILLIAM B. Seymour, M.D.) 


During a series of studies involving metabolic alterations in surgical pa- 
tients it was decided to ascertain, by balance techniques, the metabolism of 


copper, iron, and zine. To do this, four patients (three with pyloric obstruc- 
tion requiring gastric suction and subsequent operative intervention and one 
with intestinal obstruction who responded to long tube intestinal intubation 
and did not need surgery) were maintained exclusively on an intravenous ali- 
mentation regimen whose copper, iron, and zine content was determined by 
emission spectrography. The amounts of these substances in the excreta 
(urine, gastric drainage, and stool) were similarly determined during the 
study period. In this manner, it was possible to obtain metabolic balance 
studies. 

Most of the patients were in positive iron balances for the entire study. 
This probably resulted because the intravenous regimen employed contained 
2.1 to 7.7 mg. of iron per day depending on the solutions infused (dextrose, 
fructose, amino acids, or a fat emulsion), and thus the normal mechanism for 
the absorption of dietary iron was by-passed. The positive balance existed 
in the preoperative period of the three patients with pyloric obstruction and 
was not significantly altered by the surgical trauma of a subtotal gastrectomy. 

The most striking changes noted in these studies were the large amounts of 
copper the patients lost by way of the drainage from the gastrointestinal tract. 
Negative balances of from 22 to 87 mg. copper per day were found, due pri- 
marily to these drainages. Production of a copper deficiency by strict dietary 
means is difficult since there is usually sufficient copper available in even the 
poorest natural diet to meet the individuals’ requirements. A deficiency can 
result, however, from moderate to large external losses of gastrointestinal 
fluid. 

The four patients also showed large negative balances of zine (as great 
as 35 mg. per day). But the latter losses were less dependent on the amount 
of gastrie drainage than that found for copper, because greater amounts of 
zine are lost in the urine (one-tenth to one-half of the total excretion). 
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2. HYPERTROPHY OF SALIVARY GLANDS DURING TREATMENT OF 
MYXEDEMA WITH TRITODOTHYRONINE 






Epwin C. ALBRIGHT, M.D., FRANK C. Larson (By INVITATION), AND 
WiuuiaM P. Detss (By INvir*ti0on), MApison, WIs. 





Recent evidence suggests that the salive.»y glands may participate in thy- 
roid hormone metabolism, possibly through deiodination of thyroxine. The 
demonstration by Faweett and Kirkwood of an enzyme tyrosine iodinase re- 
sponsible for iodination of tyrosine to monoiodotyrosine or deiodination of the 
latter compound in rat submaxillary glands is pertinent in this connection. 
Further possible relationship is implied by the observation that in rats thy- 
roidectomized or treated with thiouracil atrophy of the submaxillary glands 
oeeurs, which can be prevented by the administration of thyroxine. That a 
similar situation may exist in man is suggested by the following observations. 

The patient, a white woman aged 38 years, six months following thyroidi- 
tis and subsequent thyroidectomy was judged to be myxedematous on the basis 
of symptoms, signs, and laboratory studies. Therapy with 3:5 :3’-L-triiodo- 
thyronine was begun in dosage of 50 yg orally daily. After two doses she 
complained of tenderness in the area of the parotid glands. Examination 
disclosed both the parotid and submaxillary glands to be moderately enlarged 
and very tender to palpation. Upon massage of the parotids viscid, mucinous, 
colorless secretion was seen to be ejected from the ducts. The glandular hy- 
pertrophy persisted for about four days with gradual decrease in size and 
tenderness, although therapy was not discontinued. No fever or constitu- 
tional symptoms were noted throughout. 

Saliva samples collected following administration of radiothyroxine in- 
travenously were subjected to chromatographic analysis. Most of the radio- 
activity appearing in the saliva was in the form of iodide, as might be an- 
ticipated from previous studies on the fate of radiothyroxine administered to 
athyreotie subjects in whom radioiodide was recovered from the urine. Nei- 
ther radiothyroxine nor radiotriiodothyronine were identified in the saliva. 
A small fraction of radioactivity remained unidentified. 

The striking changes in the salivary glands noted clinically in this 
athyreotic patient coincident with the administration of triiodothyronine sug- 
gest an interrelationship between the salivary glands and the thyroid. If 
such relationship exists, its nature is still obscure, although the question of deio- 
dination of thyroxine to form other compounds is not excluded. 




































3. COMPARISON OF THE PERSISTENCE IN THE BLOOD OF GAMMA 
GLOBULINS LABELED WITH 8,; AND I,; IN 
THE SAME SUBJECTS 


S. H. Armstrone, Jr., M.D., JonN Kuxrat, M.S., M.D. (By Invitation), 
JEROME HErRSHMAN, M.S. (By INviTaTIOoN), KATHERINE McLeop, M.S. 
(By INVITATION), AND JANET WoLTER, M.D. (By Invitation), 
Cuicaco, IL. 









We have recently reported apparent turnover times for albumins auto- 
synthesized following oral S,; ingestion which are very considerably longer 
than the times found in the same subjects following intravenous injection of 
I,31 labeled albumins. 

This report extends these findings to the gamma globulins. 
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In two subjects, following ingestion of S;; labeled yeast, we have deter- 
mined the apparent turnover times of the following four plasma protein frac- 
tions: albumins, a mixture of alpha, alpha, globulins, and gamma globulins 
(separated by paper electrophoresis) and fibrinogen. 

Despite consistently differing blood levels of these fractions both sub- 
jects showed closely comparable apparent turnover times. For albumins these 
were 42 and 47 days; for globulins of intermediate mobility, 25 and 24 days; 
for gamma globulins, 33 and 37 days, respectively. 

In a second experimental period the apparent turnover time of the gamma 
globulins following intravenous injection of an I,;, labeled preparation was 
determined in the same subjects. The values were 19 days and 23 days, re- 
spectively, or approximately 60 per cent of the comparable S,; values. 

The implications of these findings are discussed from standpoints of 
methodology and of metabolic interpretation of variations of ‘‘normal’’ of 
apparent turnover times in disease states. 

Specifically, with the suspicion of reutilization of isotope from labeled 
body proteins following oral ingestion unsettled, and with the possibility of 
altered metabolic pathway for proteins subtly changed by in vitro iodinization 
still existent, is it as yet possible to carry off clinically significant studies on 
the dynamies of plasma proteins? 

The type of evidence needed to settle this problem will be discussed. 


4. A STUDY OF CARBOHYDRATE OXIDATION IN DIABETIC 
SUBJECTS BY MEANS OF C*t-LABELED GLUCOSE 


NomE Baker, PH.D. (By Invitation), W. W. SHREEVE, M.D. (By Invitation), 
Max Miuter, M.D., R. A. Suietey, M.D., anp J. W. Crate, M.D. 
(By INVITATION), CLEVELAND, OHIO 


‘our normal subjects and eight diabetics, temporarily deprived of insulin, 
were injected with 100 ye of uniformly labeled C** glucose. Specific activities 
of blood glucose and of expired CO, were determined serially during the en- 
suing six hours. After the initial phase of diffusion the glucose curve declined 
in simple exponential fashion in all cases. The activity of CO, rose to a peak 
within two to three hours, and then declined slowly. . 

Irom theoretical considerations it was concluded that the glucose pool 
could be regarded as the sole source from which a second sizable pool con- 
sisting of CO.—HCO, could derive its C1*. The rise and fall of CO, activity 
could be explained by the enrichment of the latter pool with C'* combined 
with a eoneurrent loss of CO, in the breath. With such a model it is possible 
to construct the hypothetical curve of specific activity for CO., assuming that 
oxidation of glucose is its only source. The height of the observed CO, curve 
may then be compared with that of the theoretical curve. The ratio of the two 
is a measure of the proportion of CO, contributed by the oxidation of glucose 
as compared to the remaining major fuels such as fat and protein. 

Normal subjects gave values ranging from 17 to 29 per cent of CO, de- 
rived from glucose. The mean was 22 per cent. In five ‘‘stable’’ diabetic 
subjects, upon withdrawal of insulin the mean was 20 per cent with a range 
of 16 to 31 per cent. Three ‘‘severe’’ diabetics who promptly developed keto- 
acidosis upon withdrawal of insulin averaged 10 per cent (range 9 to 12 per 
cent). Caleulations of milligrams of glucose per kilogram of body weight. 
oxidized per hour averaged 38 for the normal group, and 49 and 18 for the 
two respective diabetic groups. 
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It is concluded that no defect in the rate of glucose oxidation was demon- 
strable in diabetic subjects who were not progressing into ketosis, while a dis- 
tinct decrease was apparent in three patients who, during the course of the 
study, showed such a metabolic shift. 








5. DETERMINATION OF NORMAL BLOOD VOLUMES OF 100 
AMBULATORY HOSPITAL PATIENTS 







Rosert J. BAKER, M.D. (By Invitation), AND Donatp D. Kozouu, M.S., M.D., 
CuicaGo, ILL. 






The value of rapid, readily available blood volume determinations in mas- 
sive gastrointestinal hemorrhage, in debilitated states, in preoperative patients, 
in massive burns, and in other emergent conditions, has long been appreci- 
ated. However, it should again be noted that a blood volume determination is 
of value only as it relates to the estimated normal volume for a given indi- 
vidual at a specific time. 

This study was undertaken as the first part of a project to evaluate and 
standardize, for practical clinical usage, the procedure of blood volume de- 
termination, utilizing radioactive iodinated human serum albumin (RIHSA) 
administered intravenously. All counting was done on plasma samples in a 
well-type scintillation counter. 

Normal blood volume values have been based on the patient’s weight, his 
expected normal weight, his normal weight with obesity correction (Randall’s 
factors), his height, his surface area, and his age and sex correlated with any 
or several of the preceding. Because an initial application of several of these 
gave such widely divergent results, and since the interpretation of results is 
completely dependent on variation from normal, it was decided to determine 
blood volume in 100 ambulatory surgical patients, on full diet and normal oral 
fluid intake; all patients were admitted to the Cook County Hospital for rela- 
tively minor surgical conditions. 

It was immediately apparent that a simple weight-blood volume ratio was 
highly impractical, as all patients below 54 kg. (17 patients) had volumes 
higher than the expected normal (using 80 ml. per kilogram), and all patients 
over 54 kg., with two exceptions, volumes lower than the expected normal. 
The ‘‘normal’’ weight evaluation also created incongruous results, and, hence, 
the surface area (Boothby-Sandiford nomogram) was ecaleulated; a linear 
relation between surface area, utilizing height and weight, and blood volume 
was found to be statistically valid in all instances. 

The implications of the results will be discussed, as well as the practical 
application in fifteen illustrative cases. Any fluid, plasma, or whole blood re- 
placement therapy governed by the blood volume determination is based on a 
valid calculation as to normal volume, without which the technique becomes 
simply comparative ; an immediate guide to therapy is lacking. 


































6. URINARY UROPORPHYRIN, PORPHOBILINOGEN AND 
COPROPORPHYRIN EXCRETION IN LEAD-EXPOSED 
WORKERS 


F. A. BasHour, M.D., MINNEAPOLIS, MINN. 







(IN'rRopUCED By C. J. Watson, M.D.) 






Urinary coproporphyrin and uroporphyrin excretion, erythrocyte pro- 
toporphyrin, blood lead coneentration, basophilic stippling, basophilic aggre- 
gate, hematocrit, and hemoglobin were studied in a group of 44 industrial 
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workers exposed to lead. With the exception of 5 individuals with clinical 
complaints suggestive of lead poisoning, all were in good elinical condition at 
the time of study. 

Most striking changes were observed in the levels of urinary and erythro- 
eyte porphyrin. Per diem coproporphyrin excretion averaged 1,704 + 783 yg 
as compared to a normal average of 189 + 79 wg. The erythrocyte protoporphyrin 
values averaged 467 + 254 (range 146-942) as compared to control values 
29+ 4.5 wg per 100 ml. Erythrocyte coproporphyrin values were only slightly 
elevated, all values falling in the range of 0.6 to 6.4 ng per 100 ml. The daily 
uroporphyrin exeretion averaged 96.2 ng as compared to the normal average of 
13 +10 wg. The uroporphyrin methyl ester was erystallized from the combined 
extract of 24 urine collections of 6 individuals in the lead-exposed group. The 
erystalline uroporphyrin methyl ester melted at 259° to 262° C. indicating the 
presence of at least some Type III isomer, but whether as 8 or less COOH 
groups was not determined. It behaved as a Type B Waldenstrom porphyrin 
and is receiving further study. 

Blood lead concentration was elevated above the normal level of 0.06 mg. 
per 100 ml. in 39 individuals, while 10 had hematocrits of less than 40 per cent. 
Basophilie stippling was elevated in only a few instances. 

Significant correlation coefficients were observed for the following tests: 
Basophilie stippling and lead aggregates (0.79); urine coproporphyrin and 
uroporphyrin (0.68); blood lead and urine ecoproporphyrin (0.37); blood 
hemoglobin and urine coproporphyrin (0.33). 

Recent investigation has revealed the presence of porphobilinogen in a sec- 
ond group of 13 workers exposed to lead. These results are in accord with 
the finding of Schwartz and co-workers of the increased excretion of uro- 
porphyrin together with coproporphyrin and porphobilinogen in experimental 


lead poisoning. This is the first report of excessive uroporphyrin excretion in 
human beings having lead exposure. 


AN UNDESCRIBED HUMAN HEMOGLOBIN ASSOCIATED WITH 
HEREDITARY HEMOLYTIC ANEMIA 


JoHN D. Battie, Jr., M.D., anp LENA Lewis, PH.D., CLEVELAND, OHIO 
(IntRopuUcED By A. C. ERNSTENE, M.D.) 


The presence of a mild chronic nonspherocytiec hemolytic anemia with 
conspicuous poikilocytosis, hypochromia, and ‘‘target cells’’ in a 33-year-old 
white man prompted examination of other members of his family. A sister, 
aged 39 years, was the only relative available for study and she was found to 
have a similar type of hemolytic anemia. Both siblings revealed pallor, mild 
jaundice, and splenomegaly. Sickling tests were negative. The fetal hemo- 
globin was slightly elevated by the Singer technique. These findings suggested 
the possibility of the presence of an inherited abnormal hemoglobin. 

The hemoglobin of each sibling was analyzed by Longsworth’s modifica- 
tion of the Tiselius electrophoretic technique. Cacodylate buffer pH 6.5, ionic 
strength 0.1 »; phosphate buffer pH 7.8, ionic strength 0.15 »; and phosphate 
buffer pH 9.2, ionie strength 0.1 » were used. In cacodylate buffer two poorly 
resolved components with mobilities of 2.7 x 10° em./volt/see./em.? and 2.4 
x 10° em./volt/see./em.? were observed. The latter mobility is that of normal 
adult hemoglobin. In phosphate buffer at pH 9.2 only one component was re- 
solved. When the patient’s hemoglobin was mixed with normal hemoglobin 
anc’ analyzed at pH 9.2, only one component was found. At pH 7.8, however, 
there was a clear resolution of 2 components of the patient’s hemoglobin. The 
more rapid component moved with the mobility of normal hemoglobin and 
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comprised 25 per cent of the total. The slower moving component amounted 

















































to 75 per cent of the total. When a mixture of the patient’s hemoglobin and é 
the hemoglobin of a patient with sickle cell anemia was analyzed at pH 7.5, t 
three peaks were separated. These components had the mobility of normal a 
hemoglobin, Type S, and midway between normal and Type 8S. Filter paper t 
electrophoretic analysis of the patient’s hemoglobin at pH 8.6 was similar to n 
a control with normal adult hemoglobin. 0 
These studies suggest that the abnormal hemoglobin in this brother and 
sister is a new and hitherto undescribed form, different from the abnormal 
Types 8, C, D, and E. a 
t 
8. STUDIES ON THE FEBRILE RESPONSE FOLLOWING : 
INTRAVENOUS ADMINISTRATION OF FAT EMULSIONS p 
TO HUMAN SUBJECTS 
GerRALD H. Becker, Caprain, MC, USA (By Invitation), Hugo C. MoE.trr, A 
Captain, MC, USA (By Invitation), AND Morton I. Grossman, Pu.D., M.D., it 
DENVER, COLO. e 
This study attempts to correlate the incidence and magnitude of the fever . 
following intravenous infusion of fat emulsions with the level of fat in the 
blood, as measured by turbidity and free and total fatty acid concentrations. 
A 15 per cent olive oil emulsion (Upjohn) and a 15 per cent cottonseed oil 
emulsion (Harvard School of Public Health) were used. Each of 8 normal 
young male subjects received one 500 ml. infusion of each emulsion, one week 
apart. The average time required for the 500 ml. infusion was 3.5 hours. 
Venous blood samples were drawn every 20 minutes for the first hour and then 
hourly until four hours after the end of the infusion. At the same times 
rectal temperatures, pulse and respiration rates, blood pressures, and any side 
reactions were recorded. Six of the 8 infusions with the olive oil emulsion SU 
resulted in thermogenic reactions of 2° F. #r more, while this occurred in 3 in 
of 8 subjects given the cottonseed oil preparation. The maximum fever oc- e2 
curred during the second and third hours after the end of the infusion with in 
the former emulsion, during the first hour after the end of the infusion with Si 
the latter. No statistically significant difference was found in the magnitude ti 
or duration of fever between the two emulsions, a result which was com- ti 
parable to simultaneously performed pyrogen tests in rabbits. The peak levels is 
of turbidity and free and total fatty acids coincided with the end of the in- m. 
fusion. Free fatty acid levels had not returned to control levels by the fourth Al 
hour after completion of the infusion, and this persistence of elevation was in- ce 
dependent of whether total fatty acid had returned to control levels and also in- pe 
dependent of the occurrence or severity of febrile responses. Following those oh 
infusions which were attended with febrile responses to either emulsion sti 
turbidity and total fatty acid levels attained lower peak values and returned se) 
to control levels more quickly in those with fever than in those without fever. me 
9. THE INFLUENCE OF ACTH AND CORTISONE ON THE 
INCIDENCE OF INFECTIONS 
Tuomas G. BENEDEK, M.D., anp Max M. Montcomery, M.D., Cuicago, ILL. W 
(INTRODUCED By Louis R. Limarzi, M.D.) 
It has been widely assumed that the administration of ACTH and cortisone ‘ 
leads to increased susceptibility to infection. The present study has been (J 






undertaken to test the validity of this belief. 
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The case material consisted of 114 patients with rheumatoid arthritis and 
31 patients with disseminated lupus erythematosus. Twenty-five arthritis pa- 
tients were treated with cortisone and/or ACTH for three to twelve months 
and 19 for 13 to 39 months, a total of 673 months of therapy. These 44 pa- 
tients were observed during 465 months of hormone therapy and for 411 
months without such medication. There were 9 and 16 infections, an incidence 
of one every 52 months and one every 26 months, respectively. 

Of the 31 lupus erythematosus patients, 10 have received cortisone and/or 
ACTH for one to 514 months and 11 for 6 to 3914 months, a total of 239 
months of therapy. The patients were observed during 209 months of hormone 
therapy and for 275 months without such medication. There were 11 infec- 
tions in each period, an incidence of one every 16 months and one every 25 
months, respectively. One terminal infection occurred among the 7 untreated 
patients who have expired, and one among the 10 untreated patients. 

Hormone therapy was not associated with infections of unusual type or 
severity, although symptoms were masked in a few eases. Therapeutic doses of 
ACTH and cortisone did not exert a pronounced effect on the incidence of 
infections in patients with rheumatoid arthritis and disseminated lupus 
erythematosus. An analysis of about 900 patient-months of hormone therapy 
did not demonstrate significant differences from controls. 


10. THE ISOLATION AND CHARACTERIZATION OF THE 
NONSPECIFIC HYALURONIDASE INHIBITOR 
OF HUMAN BLOOD 
GERALD S. BERENSON, M.D., Joyce K. NEwMAn, Martin B. MAtHEws, Pu.D., 
AND ALBERT DorFMAN, M.D., Cuicaco, ILL. 


(INTRODUCED BY RosBert H. Expert, M.D.) 


There has been widespread interest in the existence in human blood of a 
substance which inhibits the enzyme hyaluronidase. Numerous reports have 
indicated that the level of the substance is increased in a wide variety of dis- 
eases including rheumatic fever. By means of a purification procedure involv- 
ing aleohol fractionation, precipitation at low ionic¢ strength and electrophore- 
sis on a starch slab, the activity has been purified up to 1,000 fold. Prepara- 
tions so isolated appeared to be essentially monodisperse on ultracentrifuga- 
tion, free solution electrophoresis and diffusion studies. The molecular weight 
is estimated to be about 100,000. The sedimentation constant S.o = 3.7 S and 
mobility in veronal buffer, pH 8.6, » = 0.1 = —5.4 x 10° em.’ see.* volt. 
Analyses performed showed N = 14.4 per cent, polypeptide content 75 per 
cent, hexosamine 4 per cent, S < 0.1 per cent, P < 0.2 per cent, tyrosine 2.7 
per cent, and tryptophane 0.9 per cent. A positive test for hexuronie acid was 
obtained by the earbazole method. The following amino acids were demon- 
strated by paper chromatography: cysteic acid, aspartic acid, glutamic acid, 
serine, glycine, threonine, alanine, tyrosine, lysine, arginine, valine and/or 
methionine, and luceine and/or isoleucine. 


11. EXPERIENCES WITH THE SCHILLING TEST USING CO” 
LABELED VITAMIN B,, IN PERNICIOUS ANEMIA, SPRUE, 
AND OTHER CONDITIONS 
Wittram R. Best, M.D., Witrrep F. Waite (By Invitation), JoHN Louts, M.D. 
(By INviTatIon), AND Louts R. Limarzi, M.D., Cutcago, IL. 


Schilling demonstrated significant urinary radioactivity in normals when 
2 »g ByCO” orally were followed in two hours by 1.0 mg. B,. parenterally 
(J. Las. & Ciin. Mep. 42: 860, 942, 1953). We have employed this test or 
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modifications 56 times in 21 patients. Percentage equivalent of oral dos 
in 24-hour urine was 9.2 to 14.4 per cent in four controls, 0.2 to 2.0 per cent 
in 10 PA’s (pérnicious anemia patients), 11.7 to 18.7 per cent (except one of 
40.0 per cent) in 8 PA’s receiving potent doses of intrinsic factor concentrate 
(IFC) mixed with B,.CO*%, 1.2 and 2.2 per cent in two sprue patients, and 
2.5 and 3.5 per cent, respectively, when potent II°C was also given. Replicate 
tests with good recoveries in three PA’s and one control showed excellent 
agreement in two and poor agreement, possibly related to oliguria, in two. 
Graded doses of IFC in three other PA’s gave 24-hour exeretions which could 
be fitted quite well to log-dose or exponential asymptotic curves. Activity 
of IFC preparations by this test agreed qualitatively with U.S.P. clinical as- 
says. 

Fractional urinary collections revealed faint radioactivity during the first 
two hours unrelated to the presence of IFC. There was generally a delayed 
increase to a single peak value at a time characteristic for the individual, usu- 
ally between 8 and 12 hours, always more than 6 hours after the oral dose. 
Peak values were equivalent to 17.3 to 34.00 mug B,,.CO® per hour in the con- 
trols and PA’s receiving potent IFC (except one PA with 51.2). In most cases 
excretion rates were very low by 24 hours. 

Administration of B,. two hours before or simultaneously with B,.CO” 
did not qualitatively alter the results. B,. plus IFC is not absorbed when ad- 
ministered rectally. 

From evidence available it is speculated that B,. combines with IFC by 
mass action, that specific portions of the gastrointestinal mucosa assimilate this 
eombination at fixed maximal rates, that a period of six or more hours is neces- 
sary to metabolically traverse the mucosa, and that free B,. is ultimately re- 
leased into the portal circulation where it becomes bound to protein. It ap- 
pears probable that some modification of this test may prove superior for the 
assay of intrinsic factor preparations. 





12. THE CALORIC EQUIVALENT OF WEIGHT LOSS 
WiiuiAM R. Best, M.D., Cuicaco, IL. 


The calorie deficit necessary to produce a given weight loss has been 
previously estimated from metabolic studies on a small number of subjects. 
Estimates of caloric expenditure are crude at best. In the course of a large- 
seale Army field experiment for another purpose (J. Clin. Nutrition 2: 97, 
1954) data became available to estimate this relationship in a unique way. 
During two separate three-week periods 81 men were subjected to rigidly 
controlled diets and fairly uniform conditions of exposure to winter weather 
and vigorous physical activity. Mean measured values for the first and second 
periods, respectively, were: caloric intake (CI), 3,453.4 and 2,263.5 calories 
per day; specific dynamic action (SDA), 7.3 and 7.0 per cent of intake; average 
body weight (BW), 70.8 and 68.6 kg.; and weight loss (WL), 0.027 and 0.190 
kilogram per day. Assuming a uniform ratio (k) of weight loss to ecalori¢ 
deficit and a constant calorie expenditure per kilogram body weight in excess 
of SDA (CE), the following formula may be written: 


WL = k(BW x CE + SDA - Cl). 
3y substitution of observed WL, BW, SDA, and CI for the two periods, 
k and CE may be derived through solution of simultaneous equations. 


In this instance CE is calculated to be 47.5 ealories per kilogram per day, 
and k to be 0.000164 kilogram per calorie deficit. This latter may be expressed 
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as 6.1 calories per gram. If caloric expenditure is considered constant and 
unrelated to body weight, a value of 6.7 calories per gram is obtained. The 
truth probably lies somewhere between these assumptions. Work has been 
cited (Phys. Rev. 33: 311, 1953) indicating that tissue lost during caloric deficit 
is approximately 65 per cent fat, 23 per cent cellular matter, and 12 per cent 
extracellular fluid. If calorie factors of 9, 4, and 0 are assigned to these com- 
ponents, respectively, a value of 6.8 calories per'gram is arrived at; in good 
agreement with the present experimental value. 


13. THE PLASMA CLEARANCE OF HEMOGLOBIN IN NORMAL AND 
NEPHRECTOMIZED RATS 


W. F. Betuarp, M.D., Anp L. Puzax (By Invitation), Ga JouuaA, CALIF. 
? > ? > 


Solutions of labeled hemoglobin, prepared by laking erythrocytes from 
Srpague-Dawley rats previously injected with radioiron, were administered 
intravenously in varying concentrations to groups of normal and nephrecto- 
mized recipient rats. Blood samples were taken at appropriate time intervals 
after injection to permit ecaleulation of plasma-clearance rates, and selected 
organs were analyzed for radioiron at the time of sacrifice. Carcass radioiron 
determinations were not done, and no attempt was made at quantitative re- 
covery. Injection volume was kept constant. 

Plotted semilogarithmically as a function of time, the data yielded straight 
lines which could be expressed mathematically by the usual equation for first 
order reactions. Because the amount of hemoglobin cleared in a given time 
was proportional to the amount available, results were normalized to the 
amount theoretically cleared when 100 milligrams of hemoglobin were present. 

Experiments were performed using 39, 56, and 100 mg. of hemoglobin. 
The average plasma clearance rates in nephrectomized animals were 29.8, 
38.2, and 28.1 mg. per hour per 100 mg. hemoglobin, respectively, and controls 
cleared 92.9, 93.4, and 84.7 mg. per hour per 100 mg. hemoglobin. In each 
case plasma-clearance rates in nephrectomized animals were 30 to 40 per cent 
of those in normal controls. Apparently tissues other than kidney ean remove 
noneolloidal, nonnative protein from plasma at a relatively rapid rate. 

About three hours post injection all animals were sacrificed and the fol- 
lowing tissues were analyzed for radioiron: stomach, intestines, liver, spleen, 
lymph node, lungs, kidneys, brain, and femur. Data on hemoglobin uptake 
by these tissues will be presented. Average total recovery in the organs ex- 
amined was 21.3 per cent for the nephrectomized group and 26.3 per cent for 
the controls. 


14. COMPARATIVE EFFECTIVENESS OF DAILY DOSES OF 
L-TRIIODOTHYRONINE OR OF L-THYROXINE IN THE 
CONTROL OF MYXEDEMA 


CraRLES M. BLAcKBuRN, M.D. (By InviTaTION), AND F, RAyMonD KEATING, JR., 
M.D., RocHEester, Minn. 


Until the recent discovery of triiodothyronine, no other iodinated amino 
acid had been found which possessed more than a fraction of the calorigenic 
activity of thyroxine. Triiodothyronine, however, on the basis of some bio- 
assays, was found to be more ecalorigenic than thyroxine on an equimolar basis 
by a factor of 4 or 5. 
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The present study was undertaken to compare the ability of daily oral or 
intravenous doses of 1-thyroxine and ]-triiodothyronine to maintain a euthyroid 
state and a normal metabolic rate in athyreotic patients over an extended 
period. 

In ten such patients the daily maintenance dose of 1]-triiodothyronine when 
taken by mouth was found to vary from 52 to 105 wg, whereas in 4 of these 
patients the maintenance dose of |-thyroxine by mouth varied from 175 to 
400 pg. On this basis, ]-triiodothyronine appears to be three to four times 
more potent than ]-thyroxine. 

The effect of oral versus intravenous administration of ]-triiodothyronine 
was compared in five patients and that of oral versus intravenous administra- 
tion of l-thyroxine was compared in three patients. L-triiodothyronine was 
only slightly more effective when given intravenously than when used orally, 
whereas |-thyroxine was twice as potent by the intravenous route as when 
given orally. 

Two patients were maintained at a normal and stable metabolic level and 
in a clinically euthyroid state for one year with daily doses of 1-triiodothyronine 
administered orally, indicating that this agent does not become physiologically 
less active with the passage of time, and that adequate control of myxedema 
ean be accomplished indefinitely by continued administration of the agent. 
No clinical evidence was encountered which would suggest that triiodothyro- 
nine is qualitatively superior to desiccated thyroid substance in the treatment 
of myxedema. 


15. DEMONSTRATION OF DIGLYCERIDES IN HUMAN INTESTINAL 
CONTENTS DURING FAT DIGESTION 


D. H. BLANKENHORN, M.D., AND E. H. AHRENS JrR., M.D., CINCINNATI, OHIO 
(INTRODUCED By Morton HAmBurGER, M.D.) 


In order to achieve better definition of the complex relationships within 
the human intestinal lumen during fat digestion, it seemed desirable to sample 
the gut contents at various levels after feeding balanced test meals containing 
finely homogenized fat of known chemical composition. For purposes of local- 
ized sampling, transintestinal intubation with 2 mm. polyethylene tubing had 
definite advantages over previous methods and was well tolerated in 6 pa- 
tients for 4 to 21 days continuously. Subjects showed no apparent disturb- 
ance in gastrointestinal function, slept well, and maintained weight. Thi 
technique permitted reproducible measurement of the length of the various 
portions of the intestine, and for aspiration of gut contents holes in the tube 
could be brought to any desired position. Although the tubing was sufficiently 
flexible to conform to the normal convolutions of the gut in x-ray studies, it 
did not collapse under constant suction (12 em. Hg). Test meals consistéd of 
liquid homogenates of protein, carbohydrate, and defined fats. Taken orally 
in 4 to 6 feedings per day, such formulas furnished the sole nutriment of 30 
patients for 2 to 12 weeks. Fixed intakes of all food variables were thus as- 
sured; body weights were remarkably constant. Intubated subjects were con- 
ditioned to oral formula feeding for several days prior to aspiration of gut 
contents for chemical study. 

Three experiments in 2 normal subjects have been completed in which 
the hydrolytic products of triglyceride digestion in the gut were isolated by 
countereurrent distribution and conclusively identified. Diglycerides were 
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demonstrated for the first time in human experiments. Monoglycerides, di- 
elycerides, triglycerides, and fatty acids were found when aspirations were 
made at two positions in the upper jejunum, while at the ligament of Treitz 
no hydrolytic products were demonstrable. Control analyses established the 
homogeneity of the test triglyceride and showed that in vitro hydrolysis of 
the test fat in the presence of intestinal enzymes during storage and laboratory 
manipulation had not oceurred. 


16. HISTOPATHOLOGIC BASIS FOR THE DIAGNOSIS OF POLY- 
CYTHEMIA VERA IN ANEMIC PATIENTS AND FOR COMBINED 
TREATMENT WITH TRANSFUSIONS, RADIOPHOSPHORUS, 
AND INTRAVENOUS IRON (EXCEPT IN THE 
BURNT-OUT LEUKEMOID STAGE) 


MatrrHew Buock, M.D., PH.D., WILLIAM BeTHarD, M.D., AND 
LEon O. Jacospson, M.D., DENVER, CoLo. 


Patients with polycythemia vera who are also anemic because of spon- 
taneous hemorrhage (usually gastrointestinal) are encountered frequently. 
Thromboses, intractable or recurrent upper gastrointestinal ulcers, and pru- 
ritus often accompany the hemorrhagic phenomena. These patients present 
difficult diagnostic and therapeutic problems. Diagnosis may be made regard- 
less of the degree of anemia by recognition of a probably pathognomonic ap- 
pearanee of sections of marrow that show extreme panhyperplasia with com- 


plete absence of iron, as stained with Prussian blue. Megakaryocytes are par- 
ticularly numerous. Nonspecific red pulp hyperplasia, always without demon- 
strable stainable iron and usually with slight myeloid metaplasia, is found in 
the spleen. 

Paradoxically, these manifestations of activity of the disease may be con- 
trolled by injection of 6 to 8 me. of radiophosphorus and iron given intra- 
venously and by transfusions. Successful control-of the coincidental hemor- 
rhagie and thrombotic complications and gastrointestinal ulcers parallels and 
possibly depends upon a decrease in the hypercellularity of the marrow in- 
duced by radiophosphorus since complete remissions: coincide with a reduction 
of marrow to the lower limit of normal cellularity (one-half to two-thirds fat) 
as judged from the sections. Dosages that do not bring about this reduction 
in cellularity usually permit persistent activity that is manifested by hemor- 
rhagie phenomena, gastrointestinal ulcers, and pruritus. Since anemia, except 
in the burnt-out leukemoid stage, is considered a complication of uncontrolled 
polycythemia, it is an indication, not a contraindication, for therapy directed 
toward inhibition of the marrow. 

The primary utilization of iron for erythropoiesis, the absence of stainable 
iron in hematopoietic tissues, and the hypochromic, microcytie characteristics 
of the red cells are evidences of severe iron deficiency, which has been treated 
successfully, most rapidly, and with least gastrointestinal distress with intra- 
venously-administered iron. 

Transfusions exert a direct, immediate beneficial effect upon the decreased 
blood volume, but are probably not adequate therapy per se since they do not 
decrease the activity of the polycythemia. They do not interfere with the 
radiophosphorus and iron, which exert a delayed effect upon the peripheral 
blood via the bone marrow. 
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17. THE TRANSMISSION OF THE PULMONARY ARTERY PRESSURE 
ACROSS THE CAPILLARY BED 


S. GILBERT Biount, JR., M.D., Gerrrepo GENSINI (By INVITATION), AND 
Oscar BaLtcHuMm (By Invitation), DENVER, CoLo. 


Pulmonary venous wedged pressures (PVWP) were obtained in six pa- 
tients, including three with atrial septal defects and two with anomalous con- 
nections of pulmonary veins to the right atrium. The sixth patient with val- 
vulvar pulmonie stenosis and a patent foramen oval was studied both prior 
to and following pulmonic valvulotomy. 

The PVWP closely resembled the pulmonary artery pressure contours in 
all instances. Where comparison was possible the pressure levels and contours 
of the PVWP were very similar to the pulmonary artery pressure levels and 
contours. The resistance of the pulmonary vasculature and the magnitude of 
the pulmonary blood flow apparently affected the transmission of the pul- 
monary artery pressure to an insignificant extent within the limits of this 
study. 

In pulmonary valvular stenosis the PVWP was greater than the pul- 
monary artery pressure. This is probably due to the greater degree of stenosis 
that exists when the cardiac catheter further constricts an already stenotic 
pulmonary valvular orifice. Therefore, it would appear that the PVWP is a 
more accurate estimation of the pressure actually existing in the pulmonary 
artery in the case of pulmonic stenosis. 


18. CLINICAL AND PHYSIOLOGIC EVALUATION OF SEVERAL 
ORALLY EFFECTIVE BRONCHODILATORS 


Houuis G. Boren, M.D., Demitri J. GrorGe, Irvine C. CHornas, M.D., AND 
CarRoLL A, HANDLEY, PH.D., Houston, TEx. 


(INTRODUCED BY CHARLES L. Spurr, M.D.) 


Three N-substituted arterenol derivatives have been evaluated following 
their oral administration. Twenty-four male patients, averaging 58 years of 
age, with continuing difficulty due to pulmonary emphysema and chronic bron- 
chitis, despite the usual regimen, were studied with special emphasis on pul- 
monary function. Toxic effects were limited to occasional slight decrease of 
blood pressure and tachycardia accompanied at times by palpitation or dizzi- 
ness. No laboratory evidence of hematological, hepatic, electrocardiographic 
or renal damage was found. Wheezing, present in 13 cases, decreased mark- 
edly in 11. Eleven cases on maintenance drugs for several weeks showed no 
toxicity. Moderate to marked increase of vital capacity was frequently found. 
Timed vital capacity showed increases in volumes expired in 1, 2, and 3 sec- 
onds which were proportional to the increase of total vital capacity. Nitrogen 
elimination curves only infrequently showed a decrease of time required to 
reach a minimal value. Maximum breathing capacities were prohibited by the 
condition of many of the patients. 

The effects of these drugs were best shown by a study of mechanics of 
ventilation. Lung surface pressure was measured by an intraesophageal cath- 
eter, flow by the Lilly flowmeter, and volume by an electrically recording 
spirometer. Changes were recorded on a multichannel electrocardiograph and 
an oscilloscope. Mechanics studies on 8 patients showed no or slight decrease 
of frequency of breathing, significant decrease of the extremes of pressure 
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fluctuation in 5 of 7 cases, volume and flow increase in half the cases, and sig- 
nificant decrease of resistance in 3 of 4 patients on whom resistance measure- 
ments were reliable. Compliance studies on 5 patients showed an increase in 
2, decrease in 1, and no change in 2 patients. Despite compliance increase, 
resistance decreased. Of the three drugs studied, two seem to be effective 
bronchodilators and have insignificant toxie effects. They are N-|2-(1-p-meth- 
oxyphenylisopropyl) ] norepinephrine hydrochloride (JB245, Lakeside) and 
N-|[2-(3,4-methylenedioxyphenylisopropyl]) | norepinephrine hydrochloride (JB- 
251, Lakeside). The effective dose of these drugs is 2 to 5 mg. with onset of 
action within 15 minutes and duration of action 2 to 4 hours. It has not been 
necessary to give any of these drugs sublingually to produce significant effect. 


19. THE PATHOGENESIS OF HEMATOGENOUS PYELONEPHRITIS 
IN RATS AND ITS PRODUCTION BY A SIMPLE NEW METHOD 


ABRAHAM J. Braupg, M.D., Atvin P. SuHapiro, M.D. (By INviTaTION), AND 
JENNIE SIEMIENSKI, M.S. (By INvitTation), DALLAS, TEX. 


Experimental pyelonephritis has usually been produced by a combination 
of ureteral ligation and intravenous injection of bacteria. Surgical techniques 
are cumbersome and the resulting disease differs from human pyelonephritis 
since it may occur in man without manifest hydronephrosis. In order to de- 
velop a model which would closely resemble human pyelonephritis, a non- 
surgical technique was devised. It was found that light massage of rat kid- 
neys, easily palpated through the intact body wall, consistently led to pyelo- 
nephritis after intracardiac injection of Escherichia coli. Renal massage with- 
out bacterial injection never caused infection or detectable renal injury. 

Two groups of serial experiments were conducted in such rats: Group I 
received repeated cultural and microscopic examinations of urines obtained 
hy eystotomy. Rats in Group II were sacrificed at specified periods and their 
kidneys and urines cultured and examined for microscopic abnormalities. 

These studies disclosed that renal infection, although occasionally result- 
ing from bacteremia alone, was markedly increased in incidence and severity 
by renal massage. Certain strains induced mild renal infections characterized 
by little or no inflammatory reaction; although F. coli was consistently cul- 
tured from these kidneys, it is noteworthy that urine cultures were frequently 
negative and pyuria almost never observed. On the other hand, when positive 
urine cultures were obtained, the kidneys were always infected. After termi- 
nating spontaneously in three to six weeks, these mild infections did not leave 
residual renal damage or render kidneys more vulnerable to repeated infection 
following subsequently induced bacteremia. 

Other strains produced severe infections. Despite enormous numbers of 
E. coli in kidney and urine, renal inflammation and pyuria were absent in se- 
vere infections during the first twenty-four hours. By forty-eight hours in- 
flammation began and pyuria appeared followed by extensive suppurative 
pyelonephritis. Hypertension or azotemia did not develop during acute pyelo- 
nephritis. 

It is concluded that the slight trauma of renal massage favors develop- 
nient of hematogenous pyelonephritis in rats by causing large numbers of bac- 
teria to be filtered out in the small renal vessels, that severity depends on both 
renal trauma and bacterial virulence, and that renal infection (proved by posi- 
tive cultures of kidneys) may exist in the absence of pyuria and bacteruria. 
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20. HEMODYNAMIC EFFECTS OF UNILATERAL PULMONARY 
ARTERY OCCLUSION IN HUMAN BEINGS 


BERNARD L. BRorMAN, M.D., BERNARD L. CHARMS, M.D., AND 
Pau. M. Koun, M.D., CLEVELAND, OHIO 


(INTRODUCED BY ERWIN LEvin, M.D.) 


By means of a newly-developed balloon catheter technique, unilateral pul- 
monary artery occlusion can be produced safely in human beings. Inflation 
of the balloon in a main branch of the pulmonary artery diverts the entire 
cardiac output through the other lung, thus, approximately doubling unilateral 
lung flow. Sudden occlusion produces no symptoms and no changes in the 
electrocardiogram or systemic blood pressure even in patients with severe con- 
gestive failure. In patients with normal cardiopulmonary function, unilateral 
occlusion produces no change in arterial oxygen saturation or cardiae output. 
Despite the fact that oxygen uptake occurs on only the unoecluded side and 
both lungs ventilate equally, total oxygen consumption and minute volume are 
not significantly altered. Main pulmonary artery pressure increases slightly, 
the degree of increase being related to the cardiac output. In patients with 
high cardiac output (hyperthyroids) pulmonary artery pressure shows a 
greater rise with unilateral occlusion. 

In patients with increased pulmonary arteriolar resistance, unilateral oc- 
clusion produces a significantly greater rise in main pulmonary artery pres- 
sure. However, it can be shown that unilateral ocelusion does not uniformly 
cause a rise in pulmonary artery pressure even in patients with elevated pul- 
monary artery pressures prior to occlusion. In patients with arterial desatura- 
tion as a result of pulmonary artery blood flow through poorly aerated lung, 
occlusion of blood flow to those areas results in increased arterial saturation 
and a reduction in total pulmonary resistance. 

In the pulmonary artery distal to occlusion, the pressure falls to pul- 
monary capillary levels (as compared to simultaneously recorded wedge pres- 
sures). The blood oxygen content distal to occlusion rises to a saturation 
higher than that found in the brachial artery or ‘‘pulmonary eapillary.’’ 

In patients being considered for lung surgery, unilateral pulmonary artery 
occlusion appears to be the most direct method for determining pulmonary 
‘resection tolerance;’’ a marked rise in pulmonary artery pressure, a fall in 
cardiac output, or a fall in arterial saturation contraindicating resection of the 
lung under consideration. 


21. RENAL EXCRETION OF ELECTROLYTES, URATE, AND 
PHOSPHATE IN HYPOPARATHY ROIDISM 


Davip Bronsky, M.D., Atvin Dustin, M.S., AND DANIEL S. KusHNEr, M.D., 
CHICAGO, ILL. 


(INTRODUCED By HANs Popper, M.D.) 


An observation that hyperuricemia accompanied hyperphosphatemia and 
oliguria in acute postoperative tetany suggested a relationship between the 
renal excretion of urate, phosphate, and electrolytes in the hypoparathyroid 
state. In three patients with acute postoperative tetany, the effect of para- 
thyroid extract, Benemid, and dihydrotachysterol on the urinary exeretion 
of urate, phosphate, and electrolytes was determined. 

A single intravenous injection of parathyroid extract resulted in a two- to 
fourfold increase in the hourly excretion of water, sodium, chloride, urate, and 
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phosphate in two subjects. The third patient responded with phosphate di- 
uresis alone; subsequently, she manifested resistance to therapy. No lowering 
of serum urie acid levels was noted. 

Benemid produced in all three subjects moderately augmented urinary 
volumes, two- to threefold increase in excretion of sodium, chloride, urate, 
and phosphate, and consistent lowering of serum uric acid levels. 

Dihydrotachysterol given to one patient during the recovery phase pro- 
dueed no change in urinary volume or phosphate, a slight but significant in- 
crease in urate, and a twofold inerease in sodium and chloride excretion. With 
continued administration of dihydrotachysterol, serum uric acid levels re- 
mained elevated in two of the subjects. 

Hyperuricemia may accompany hyperphosphatemia as a reflection of the 
metabolic disorder of hypoparathyroidism. Demonstration of a uricosurie 
effect of parathyroid extract, Benemid, and dihydrotachysterol suggests media- 
tion by a renal mechanism. It is possible that urate and phosphate are re- 
absorbed by a common tubular mechanism. This is in keeping with our ob- 
servation of the diuretic and phosphaturic as well as uricosurie effects of 
Benemid, independent of hypoparathyroidism. 


22. THE LEVEL OF INFLUENZA ANTIBODIES IN SERUM POOLS 
DURING A SEASON OF LOW INCIDENCE 


G. O. Broun, M.D., AND RosE Rrra Scumipt, M.S. (By Invitation) 
Sr. Louis, Mo. 


We have studied the level of antihemagglutinins and complement-fixing 
antibodies against various strains of influenza virus in pools made up of an 
average of 3,000 to 4,000 sera collected in St. Louis, Missouri, each month dur- 


ing the past three years. A mild Type B outbreak occurred in 1952 and an 
A prime epidemic of considerable proportions took place in January and 
Kebruary, 1953. Previously, we have reported that very low antibody levels 
were found against the virus strain involved in these outbreaks in each pre- 
epidemic period. A rise in antibodies against the respective virus strains fol- 
lowed each outbreak. 

The winter of 1953 and 1954 was marked by a very low incidence of in- 
fluenza infection throughout the United States. Among reported cases, Type 
B virus predominated. 

The continued observation of serum pools indicates that the elevated anti- 
hemagglutinin levels against Type B virus present since 1952 have persisted 
to the summer of 1954. 

The increase in A prime antibodies present since the epidemic of 1953 con- 
tinued through the past winter. Antibodies against strains isolated in 1953 
and the Cuppet strain F'W-1-50 have in recent months returned close to pre- 
epidemie levels. 

Treatment of serum pools with the receptor-destroying enzyme of Vibrio 
cholerae (R. D. E.) allows the separation of antihemagglutinin titer into “‘true 
antibody’’ and ‘‘nonspecifie inhibitor.’’ Changes in ‘‘true antibody”’ closely 
parallel the curves of total antihemagglutinin titer. ‘‘Nonspecific inhibitor’’ 
as well as ‘‘true antibody’’ increased in the serum pools following the influenza 
outbreaks. This may mean that increase in nonspecific inhibitor is a part of 
the immunological reaction to exposure. 

A rise in complement-fixing antibodies is noted following influenza out- 
breaks, but this elevation is less persistent than is the case with antihemag- 
g'itinins. Continued experience with the use of serum pools supports the im- 
pression that these serve as a useful tool for estimating the level of immunity 
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of a population against prevalent strains of influenza virus. The level of anti- 
bodies against the 1953 A prime strains has fallen to levels which suggest the 
possibility of a recurrence of infection with these viruses during the coming 
winter. 


23. THE SIMULTANEOUS TIME COURSE CURVES OF VOLUMES, 
RATES, AND ACCELERATION IN RATES OF DIGITAL INFLOW 
AND OUTFLOW DURING A SINGLE PULSE CYCLE IN MAN 
WITH AORTIC INSUFFICIENCY 


G. E. Burcu, M.D., NEw OruEaAns, La. 


Simultaneous time course curves of volumes, rates, and acceleration in 
rates of inflow and outflow of the finger tip during a single pulse cycle were 
recorded for eight patients with aortic insufficiency and 25 controls by means 
of a newly developed venous occlusive pneumoplethysmographie method. 
These curves assisted in the elucidation of digital arterial and venous aspects 
of peripheral vascular adjustments in aortic insufficiency (A.I.). 

The curves in A.I. differed considerably from normal; for example, maxi- 
mal rates of inflow in A.I. exceeded those in normal man. Because the method 
also permits, for the first time, recording simultaneously basal rates of inflow 
and outflow, the low total flow observed was attributable to low basal flow. 

Inflow rate rapidly increased and decreased during early systolic phase 
of pulse cycle, ending well before onset of the diastolic phase, thus defining 
the time course of capillary pulse in A.J. The curves suggest loose arterial, 
arteriolar, capillary, A-V anastomotic vessels and venules in A.J. Digital 
venous tone was increased in several patients due probably to mild subelinical 
congestive failure. 

The time course of volume ejection and work output of the left ventricle 
contributed much to configuration of the curves, but peripheral vascular fac- 
tors were important. Since digital curves reflected energy and volume output 
of the left ventricle, work and power developed by the ventricle in A.I. was 
high. 

The wide spread in time and magnitude of the inflow and outflow curves 
clearly revealed a distensible digital vascular bed, with possible exception of 
digital veins in some patients. As revealed by inflow and outflow curves with 
the finger 45 em. above heart level, elevation further decreased tightness of the 
vascular bed and reduced ‘‘leakage’’ past the occluding cuff, but failed to dis- 
place temporally the systolic surge of inflow in A.I. Elevation decreased 
digital inflow in the normal subjects and several patients with A.I. 

The curves in A.I. differed significantly from normal man with marked 
peripheral dilatation produced by hot and humid environment. The simul- 
taneous curves varied considerably among patients and, from time to time, 
in the same patient and revealed interesting temporal quantitative and quali- 
tative hemodynamic phenomena. 


24. UNUSUAL R-T SEGMENT DEVIATIONS IN ELECTROCARDIOGRAMS 
OF NORMAL PERSONS 


Howarp B. Burcueti, M.D., L. Guy CHEettron, M.D. (By Invitation), 
RocHESTER, MINN. 


Normal electrocardiograms characterized by absence of any isoelectric 
period between the QRS and the succeeding concordant T deflection are un- 
usual when the resulting S-T segment shift exceeds 0.1 mv. The electro- 
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cardiographie feature noted is usually an elevation of the R-T segment and 
acute pericarditis, myocardial ischemia or even instrumental aberration may 
be suspected. 

This study concerns the clinical and electrocardiographie analysis of 100 
patients having tracings which showed elevation of the R-T segment of 1 mm. 
or more (0.1 mv.) in standard or left precordial leads. 

The patients followed the total group referred to the electrocardiographie 
laboratory in regard to age and race, but all but one were men and all were 
normotensive. In approximately 50 per cent of the group studied the primary 
diagnosis was anxiety state with ‘‘functional’’ cardiac symptoms; in about 
30 per cent the elevation of the R-T segment was incidental in the examina- 
tion, in about 10 per cent minor valuvular diseases were present, and in 10 
per cent a mild coronary insufficiency syndrome was diagnosed. None had 
cardiac enlargement as judged by the teleoroentgenogram. 

The electrocardiographic pattern was repetitive, being constant from day 
to day, and in 16 instances for which we had records, obtained more than a 
year apart, it persisted. The various electrocardiographic periods, that is, RR, 
PR, QRS, and QT, were within the normal range. Exercise tests were carried 
out on 17 patients with uniform results, the R-T segment becoming isoelectric 
but returning to its pre-exercise level within 3 minutes. Esophageal electro- 
cardiograms showed S-T depression at the atrial level and R-T elevation at 
the ventricular level. 

Atropine, methacholine, and hydergine in usual therapeutic doses had no 
effect on the electrocardiographic pattern. The spatial vector for the R-T 
segment (or the persistent systolic potential) was constructed and was ori- 
ented downward and forward, and in the horizontal plane tended to point 
more laterally in hearts of the ‘‘electrocardiographic horizontal’’ type than in 
the ‘‘vertical type.’’ 


25. THE EFFECT OF CORTICOTROPIN (ACTH) ON CALCIUM 
OUTPUT IN DOG BILE 


WILLIAM Burnett, M.B., F.R.C.S. (By Invitation), AND 


EpmMuND B. Funk, M.D., MINNEAPOLIS, MINN. 


A negative calcium balance with resultant osteoporosis occurs in Cush- 
ing’s syndrome and during prolonged ACTH or cortisone therapy. Some 
balance studies have indicated that the excessive loss of calcium occurs in the 
stool. 

In order to test a theory that calcium is excreted by the liver during 
ACTH administration, four dogs had bile-renal fistulas formed. Control ex- 
periments using four normal dogs were also carried out. Urine was collected 
for two three-day periods before, during, and after ACTH. The average 
urinary output of calcium during control period was 0.54 mg./kg./day in 
normal dogs and was 1.63 mg./kg./day in the bile renal fistula dogs. 

Therefore, there normally is some excretion of calcium in bile. The 
urinary output of calcium was not significantly altered in the normal dogs 
by ACTH administration; but it was increased in every dog with bile-renal 
fistula, and the increase persisted for at least one three-day period after ACTH 
was discontinued. The average increase for the group was 17.5 mg./day 
during ACTH administration. This is a 75 per cent increase over control 
period. On the basis of these data a possible explanation of the increased 
exeretion of calcium in the feces during adrenal cortical hyperfunetion or 
iormone excess can be made. 
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26. HEMODYNAMIC STUDIES BEFORE, DURING, AND AFTER 
OPERATION IN 10 CASES OF PATENT DUCTUS ARTERIOSUS 
WITH EQUIVALENT PULMONARY AND SYSTEMIC 
ARTERIAL PRESSURES 
JoHN A. CALLAHAN, M.D. (By Invitation), JoHN W. Kirkuin, M.D. (By 


INviITATION ), Howarp B. BurCcHELL, M.D., ANnp Eart H. Woon, 
M.D., Pu.D., RocHEstTer, MINN. 






























The management of patients with patent ductus arteriosus and severe 
pulmonary hypertension remains controversial, and the additional association 
of a veno-arterial shunt through the ductus is generally believed to contra- 
indicate operation. 

Hemodynamic studies are reported in 10 of the 29 cases of patent ductus 
and pulmonary hypertension treated surgically at the Mayo Clinic. In these 
10 cases the pulmonary and systemic arterial pressures were equivalent. In 
7 of the 10 an attempt was made to detect reversal of flow through the ductus 
by comparing radial and femoral arterial oxygen saturations, and, in 4, a 
right-to-left shunt was demonstrated. 

All patients were studied by cardiac catheterization preoperatively and 7 
were studied during operation. Pressures from the pulmonary and systemic 
arterial systems, arterial dye-dilution curves, and arterial oxygen saturations 
were recorded before, during, and after permanent division of the ductus 
arteriosus. Four of the patients were studied by cardiae catheterization 4 
months to 2 years postoperatively. 

Age of patients averaged 8 years (range: 10 weeks to 22 years). Pul- 
monary artery pressure, preoperatively, averaged 92 mm. Hg (range: 69 io 
118 mm. Hg). 

In 5 of the 7 patients studied during operation it was demonstrated that 
the predominant shunt through the ductus arteriosus was left to right since 
temporary occlusion of the ductus by clamping produced an immediate fall 
in pulmonary artery systolic pressure, averaging 27 mm. Hg (range: 15 to 
50), and a rise in systemic arterial pressure, averaging 28 mm. Hg. In 2 
patients large right-to-left shunts existed which were demonstrated by ar- 
terial desaturation and abolished by closure of the ductus. Occlusion of the 
ductus increased pulmonary artery pressure by 7 and 25 mm. Hg and de- 
creased systemic arterial pressure by 8 and 23 mm. Hg, respectively. Dye- 
dilution curves confirmed the presence of these shunts and their elimination 
by closure of the ductus. 

In the 4 patients studied postoperatively the pulmonary artery systolic 
pressure had decreased by an average of 47 mm. Hg (range: 11 to 77 mm. Hg). 
In 1 of the 4, closure of the ductus at operation had increased pulmonary ar- 
tery pressure. 





































27. GROSS HEMATURIA IN SICKLE CELL TRAIT AND SICKLE 
CELL C-HEMOGLOBIN DISEASE 


A. ZERNE CHAPMAN, M.D. (By Invitation), PAuL S. REEDER, M.D. (By 
INVITATION), IRvING A. FRIEDMAN, M.D. (By INvITATION), AND 
LyLe A. Baker, M.D., Hines, ILL. 









HWematuria in sickle cell anemia has been previously recorded in the lit- 
erature. Congestion of small vessels, thrombosis, stasis, and infaretion neero- 
sis in the kidneys have been described, associated with capillary bed blockage 
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with sickled red cells between the coliecting tubules. The incidence of hematu- 
ria in sickle cell anemia as reported by others has ranged from 3 in 54 eases to 
2 in 142 cases. 

Several recent reports in the literature have indicated a significant in- 
cidence of hematuria in patients with sickle cell trait. It is possible that cer- 
tain of the cases previously reported were instances of sickle cell C-hemo- 
globin disease. 

The present study concerns eight cases of ‘‘idiopathic’’ gross hematuria 
occurring in Negro patients who were seen at the U. S. Veterans Administra- 
tion Hospital, Hines, Illinois, and Cook County Hospital, Chicago, Illinois. 
They were thoroughly evaluated by genitourinary and hematological studies, 
including filter paper electrophoresis and fetal hemoglobin determinations. 
‘ive of the patients were sickle cell traits and three were sickle cell C-hemo- 
globin disease. Two of the patients had had nephrectomies performed and 
kidney sections revealed sickling of red blood cells in the vessel lumina and 
glomeruli, with submucosal hyperemia, necrosis, and evidence of hemorrhage. 
The etiological aspects of the disease are discussed with reference to the in- 
herent susceptibility of the kidney to local infection, ischemia, and other forms 
of stress associated with the sickling properties of the red blood cells in this 
disease. 

Sickle cell trait is generally considered to be relatively benign, and since 
sickle cell C-hemoglobin disease is more related in clinical course to sickle cell 
anemia, it was expected that more of our cases would be sickle cell C-hemo- 
globin in type. However, the incidence of hematuria in sickle cell trait in this 
and other studies is felt to be significant and necessitates a re-evaluation of 
our concepts concerning the benignity of this process. 


28. KELECTROCARDIOGRAPHIC OBSERVATIONS DURING QUINIDINE 
ADMINISTRATION TO PATIENTS WITH ATRIAL 
FIBRILLATION ; 


I. PSEUDO-PROLONGATION OF Q-T INTERVAL DUE TO MERGING oF T-WAVE 
WitHu U-WaAvE 


JOHN CHENG, M.D. (By Invitation), GEorGE C. Sutton, M.D. (By 
INVITATION), WILLIAM P. SwisHER, M.D. (By Invitation), 
AND Don C. Sutton, M.D., Cuicaco, IL. 


Detailed analyses of the electrocardiograms were made in patients with 
chronic atrial fibrillation during treatment with quinidine sulfate in an at- 
tempt to convert the abnormal rhythm to sinus rhythm, Ninety-two patients 
with 125 attempts at conversion with quinidine were included in this study. 
Daily plasma levels of quinidine were determined and electrocardiographic 
recordings of the three standard limb leads and three unipolar precordial 
leads, Vi, V2, and V4, were taken at the same time daily or several times a day, 
if and when important changes were observed or expected. The various com- 
ponents of the electrocardiograms were measured and compared with nor- 
mal values for a given heart rate. The measurements were again correlated 
with the levels of plasma quinidine. 

The typical pattern at the peak level of quinidine is characterized by a 
depression of the S-T segment, depression or inversion of the T wave, and 
ippearance or exaggeration of the U wave with fusion with the descending 
limb of the T wave in the mid-precordial leads. This pattern, which was found 
i most of our cases, resulted in a pseudo-prolongation of the Q-T interval. 
As the level of plasma quinidine declines, the S-T segment is less depressed, 
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the T waves less inverted or more upright and the U waves diminish in ampli- 
tude and become separate from the T waves. In our eases that showed these 
discordant changes of the T and U waves, the Q-T intervals are essentially un 
changed, although in some cases a true prolongation of Q-T interval with or 
without a notched T wave also occur. This study is being continued. 


29. NORTH AMERICAN BLASTOMYCOSIS 

A CLINICAL AND THERAPEUTIC STUDY OF ForTY CASES 
Epwarp I. Cuerniss, M.D., MILwAuKEE, WIs. 
(INTRODUCED By BurTON A. WAISBREN, M.D.) 


The recent introduction of the diamidines in the therapy of North Ameri- 
can blastomycosis focused our attention on the natural history of this disease. 
The records of forty cases of North American blastomyecosis ineluding thirty- 
six patients with systemic involvement were studied. Age, sex, race, nativity, 
residence, occupation, season of onset, history of trauma, history of respira- 
tory infection, presenting complaints, clinical features, extent of involvement, 
therapy, and prognosis were analyzed. In addition to the pertinent data re- 
garding these factors, three cases treated with stilbamidine will be presented 
in detail: In each of these cases a gratifying clinical response was obtained. 

In no instance could the source of the disease, its means of transmission or 
mode of infection be demonstrated. No evidence suggested human transmis- 
sion or animal source. No significant relation was apparent to the occupa- 
tional exposures of the patient, and there was no preponderant season of on- 
set. The previously observed frequency of infection in the adult male and 
its tendency to favor the 40- to 60-year age group was again demonstrated. 
No particular racial susceptibility was found. <A diversity of presenting symp- 
toms and clinical patterns reflected the multiplicity of systems affected. Or- 
gans were involved in the following frequency: skin, subcutaneous tissue, 
lung, and bone. 

Spontaneous recovery or remission did not occur. Improvement short of 
complete recovery was minimal and short lived in most instances. The ma- 
jority of fatalities occurred within four years of the onset of the disease. 
Those who survived seven years appeared to have been cured. Thus a stand- 
ard by which to judge the ultimate efficacy of therapy was indicated. 


30. CLINICAL, HEMATOLOGICAL, AND GENETIC STUDIES OF 
HEMOGLOBIN E 


Amoz I. CHEerNorr, M.D., Vircrnta MInnIcH, M.S. (By Invitation), 
SooDSAKORN CHONGCHAROENSOOK, M.D. (By Invitation), SuPA 
NaANakorn, M.D. (By INvitaTION), AND RENATE CHERNOFF, 
M.S. (By Invitation), St. Louis, Mo. 


The clinical, hematological, and genetic effects of hemoglobin E have been 
investigated in a large number of Thai individuals. Hemoglobin E is a newly 
described abnormal hemoglobin which has an electrophoretic mobility inter- 
mediate between hemoglobin C and hemoglobin 8. This report is based on a 
study of twenty subjects with hemoglobin E trait, five with pure hemoglobin 
E disease, and 14 with Mediterranean-hemoglobin E disease. 

Individuals with hemoglobin E trait were asymptomatic. Hematological 
values were within normal limits except when other disease processes were 
implicated. The hemolytic index, osmotie fragility, and target cell counts 
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showed no specific abnormalities. Paper eeletrophoresis of hemoglobin solu- 
tions from individuals with hemoglobin E trait revealed two components with 
the mobilities of hemoglobin A and hemoglobin E. By alkali denaturation, 
normal amounts of fetal hemoglobin were found. 

Among the five cases of pure hemoglobin E disease, splenomegaly was 
found in three and hepatomegaly in two. All complained of tiredness, easy 
fatigability, arthralgias, and two of icterus. Hematological studies showed 
strikingly microcytic, normochromie erythrocytes, normal erythrocyte levels, 
no inerease in reticulocytes, 25 to 60 per cent target cells, slight erythrocytic 
hyperplasia of the marrow, and a marked symmetrical shift to the right of 
the osmotie fragility curve. The hemolytic index in one patient was normal. 
Hemoglobin analysis revealed from 94 to 98 per cent hemoglobin E and from 
2 to 6 per cent hemoglobin F. 

The fourteen patients with Mediterranean-hemoglobin E disease had a se- 
vere hemolytic anemia almost indistinguishable from Cooley’s anemia. Clin- 
ically, their course was usually somewhat milder so that the majority had 
lived to adulthood. They required fewer transfusions, lacked definite Mon- 
voloid facies, and appeared less cachectic. In several, splenectomy had ap- 
parently partially alleviated the hemolytic process. Hematological changes were 
those found in Cooley’s anemia although hypochromia was somewhat less 
marked. From 5 to 20 per cent of erythrocytes were target cells. The osmotic 
fragility curve was asymmetrically shifted to the right. Reticulocyte counts, 
bone marrow sutdies, and hemolytic indices were compatible with a severe 
hemolytic process. Two hemoglobin components were present, hemoglobin E 
and hemoglobin F. Hemoglobin E comprised from 60 to 80 per cent of the 
total. 

Yenetic studies of families having the gene for hemoglobin E indicated 


the hereditary nature of this newly observed abnormality of hemoglobin 
synthesis. 


31. CORRELATED OBSERVATIONS ON HEPATIC HEMODYNAMICS, 
CHEMICAL LIVER FUNCTION TESTS, AND HISTOPATHOLOGIC 
CHANGES IN PATIENTS WITH REPRESENTATIVE 
LIVER DISEASES 


JAMES A, Cuirron, M.D. (By INviTaTION), GEorRGE H. M. THORNTON, M.B. 
(By INvITATION), JoHN W. Eckstein, M.D. (By INviITATION), 
AND JAMES W. CULBERTSON, M.D., Iowa City, Iowa 


Fourteen patients with portal cirrhosis in fatty and fibrotic stages, 
cholangitis, infectious hepatitis, or sareoid were studied with the usual liver 
function tests, liver biopsy, and hepatie vein catheterization. Determinations 
of occluded distal hepatic vein pressure (ODHVP), estimated hepatie blood 
flow (EHBF), plasma clearance (Cbsp) and hepatocellular extraction (Ebsp) 
of bromsulphalein were made. Adequate biopsy specimens were available in 
ten of these patients. 

_ As has been demonstrated by others, the alterations in the usual chemical 
liver funetion tests in this group of patients were found to parallel changes in 
the histologic picture only in a general way. Similarly, the EHBF failed to 
correlate with the degree of histologic abnormality. In contrast to this, the 
Chsp and the Ebsp varied directly with the pathologie picture. Results of 
the standard clinical BSP retention test paralleled more closely the Cbsp and 
the histopathologic appearance than did the values of the other usual chemical 
tesis. Chsp is influenced by two factors, hepatic blood flow rate and hepato- 
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cellular extraction fraction. In these patients the mean EHBF was normal, 
while the mean Ebsp was low, resulting in a low mean Cbhsp. 

It is of interest that the ODHVP correlated better with morphologic 
change than did the EHBF. Four patients had elevated ODHVP without 
esophageal varices. In two of these the ODHVP fell to normal levels follow- 
ing conventional hospital therapy of their cirrhosis, and the EHBF rose sig- 
nificantly, although there was no consistent relationship in the whole group 
between EHBF and ODHVP. No significant improvement was noted in re- 
peat liver biopsies from these patients. The possible relationship of this 
falling ODHVP to the phenomenon of ‘‘disappearing’’ esophageal varices is 
under investigation in our laboratory. 

It appears that adequate hepatic blood supply may be maintained despite 
moderate impairment of hepatocellular structure and function. Hepatocellu- 
lar abnormality is reflected better by standard and refined bromsulphalein 
methods than by other clinical tests. Elevated portal venous pressure ani 
slow, hepatic blood flow may be improved by treatment of cirrhosis. 
















32. CORRELATIONS BETWEEN PLASMA PROTEIN FRACTIONS, AN'T'I- 
BODY TITERS, AND THE PASSIVE TRANSFER OF DELAYED AND 
IMMEDIATE CUTANEOUS REACTIVITY TO TUBERCULIN 
PPD AND TUBERCULOPOLYSACCHARIDES 


LEON R. Coie, M.D., anp Curtinc B. Favour, M.D., Boston, Mass. 








(INTRODUCED BY GUSTAVE J. DAMMIN, M.D.) 


Guinea pig donors were immunized with heat-killed tubercle bacilli sus- 
pended in mineral oil. Large volumes of plasma, obtained from these donors 
24 to 48 hours after a tuberculin skin test, were fractionated by Cohn’s 
Method X (J. Am. Chem. Soe. 72: 465, 1950), and the fractions were injected 
into normal animals intraperitoneally. 

Two chemically distinct antibodies were identified. 

a. Antibody to tubereulopolysaccharide, measured by the Middlebrook- 
Dubos test (J. Exper. Med. 88: 521, 1948), is contained exclusively in fraction 
Il (gamma globulin). It passively transfers anaphylaxis and urticarial-type 
skin reactivity to tuberculopolysaccharide. 

b. Antibody to tubereuloprotein, measured by the Boyden technique (J. 
Exper. Med. 93: 107, 1951), is contained exclusively in a new plasma fraction 
which we have defined and named fraction IV-10. By standard Cohn’s Method 
X, Fraction IV-10 falls into Fraction IV (alpha globulin) and to a lesser extent 
V (albumin). Fraction IV-10 is initially soluble in 19 per cent alcohol at pil 
6.0, temperature —5° C., but precipitates overnight. This property permits its 
initial separation from I, II, and III, and later isolation from IV and V. It 
represents about 0.6 per cent of the plasma protein. Fraction I[V-10 passively 
transfers a delayed-type skin sensitivity to tuberculin PPD. The skin re- 
action begins 3 to 4 hours after application of PPD and is maximal at 18 to 24 
hours. Fractions IV + IV-10 and IV + V + IV-10 are also capable of passive 
transfer of the delayed reaction. A period of 5 to 6 days usually oecurs from 
the time of intraperitoneal injection to onset of skin reactivity. Addition 
of PPD to the fraction, or adsorption with Boyden-sensitized cells, results im 
failure of transfer. When fractions I] and 1V-10 are combined the antibody 
to tubereulopolysaccharide completely inhibits the delayed-type skin re- 
activity. 

Fraction IV-10 is heat labile. This property was demonstrated in the 
serum or plasma of eighteen sensitized guinea pigs, tested by the Boyden 
method. All eighteen aliquots in which complement was inactivated with 
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sodium ethylenediamine tetracetate gave significant titers. Aliquots of the 18 
specimens in which complement was inactivated at 56° C. for 30 minutes gave 
the following results: 6 were negative, 2 were not significant, and the titers 
of the remaining 10 were strikingly lower than their corresponding EDTA- 
inactivated aliquots. 


33. INTRAPROSTATIC INJECTION OF RADIOACTIVE YTTRIUM 
CHLORIDE IN THE DOG 


JoHn A. D. Cooper, M.D., Pu.D., GeorGE J. BULKLEY, M.D. (By INvitation), 
AND VINCENT J. O’Conor, M.D. (By Invitation), Cuicaco, ILL. 


Following the intraprostatie injection of yttrium® chloride in the dog, ap- 
proximately one-half of the activity was excreted in the urine in 96 hours. 
The major portion appeared in the first 48 hours. One-third of the activity 
remaining in the body was in the prostate gland and only 6 per cent in the 
liver. Only small amounts of radioyttrium were found in the spleen, lung, and 
bone marrow. Significant activities were found in regional lymph nodes. 
After removal of the bladder, prostate, urethra, and identifiable lymph nodes 
a large amount of radioactivity was found to be distributed through the pelvic 
tissues, where it apparently had been carried by direct extension from the 
prostate along fascial planes or through lymphatie channels. 

Animals were sacrificed at intervals up to three months to obtain tissues 
for histologic study. The acute radiation reaction in the prostate was charac- 
terized by hemorrhage, exudation, and necrosis. Healing began in five to six 
weeks with replacement of necrotic areas with fibrous connective tissue, de- 
crease in the number of glands, and reduction in size of the prostate and was 
essentially complete in three months. Lymph nodes in which radioactivity was 
present showed hemorrhage, decrease in the number of follicles, some central 
necrosis and pigmentation. There were no histologic changes in the distant 
organs which could be attributed to radiation effects. 

Results in the dog suggest that radioyttrium may offer advantages over 
radiogold and radioactive chromie phosphate in the treatment of carcinoma of 
the prostate. 


34. THE CONCEPT OF RENAL Qo,/Tm: APPLICATION TO THE STUDY 
OF RENAL DISEASE 


ARCHER P, CrosLey, JR., M.D., GeorGE G. Rowe, M.D., Joon H. Huston, M.D., 
AND LEE L. SCHLOESSER, M.D., MApIson, WIs. 


(INTRODUCED BY WILLIAM S. MIppLETON, M.D.) 


Previous investigations of renal oxygen consumption (Qo,) (total renal 
blood flow x arterial-renal venous oxygen difference) have assumed a relation- 
ship between this factor and renal hemodynamic measurements, constituents 
of surface area, or an estimated renal weight. Since it seemed more reason- 
able to presume that oxygen utilization was related to the functional tubular 
mass, the latter was determined simultaneously as the tubular secretory 
capacity of PAH (Tmpan) in 5 normotensive subjects, 5 hypertensive patients, 
) patients with diabetic nephropathy, 2 patients with pyelonephritis, and one 
labile diabetie individual without evidence of renal disease. 

The results indicate that the ratio Qo,/Tm is not significantly different in 
hormotensive and hypertensive patients. Individuals with diahetie nephrop- 
‘thy, however, showed an elevation of this factor. A comparison of the data 
hetween groups would suggest that such an enhancement may be related to 
an sctive intrarenal inflammatory process. 
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30. THE HYPERTONIC CONCENTRATIONS OF SODIUM AND 
POTASSIUM IN THE CONTENTS OF THE TERMINAL ILEUM 
DURING THE ADMINISTRATION OF A-CATION- 
EXCHANGE RESIN 


R. E. Damey, M.S. (By Invitation), LEON SwELL, PH.D. (By Invitation), 
E. C. Trout, Jr., B.S. (By Invitation), anp H. Frevp, Jr., M.D., 
MARTINSBURG, WEST VA. 


During the studies of the electrolyte changes in different parts of the 
gastrointestinal tract, with and without the simultaneous administration of 
a carboxylic cation-exchange resin, there was observed an unexpected find- 
ing. During the administration of the resin, there was an increase in the un- 
bound sodium and potassium in the contents of the terminal ileum, producing 
strongly hypertonic solutions. Those increases were not explained by the com- 
position of the contents of the jejunum, which had lower concentrations of 
both free and bound sodium and potassium, during such treatment. 

The findings in the terminal ileum were reproduced, in vitro, by exposing 
ileal contents to resin which had previously been exposed to much higher con- 
centrations of sodium and potassium, at the pH of the ileal sample used. The 
result of that exposure was a release of both sodium and potassium to the ileal 
fluid. Simultaneously, there was a decrease of 0.3 unit in the pH of that fluid. 

The only ions which could exchange with sodium and potassium, on the 
resin, and, at the same time, acidify the solution are hydrogen ions. Such 
ions would need to be produced; de novo, from the ileal contents, in the test 
tube. 

It seemed possible that sufficient carbonic anhydrase might have pre- 
viously diffused from cells so as to be capable of producing hydrogen ions, 
probably with the coactivity of enzyme systems in the living cells which 
should be present in the contents of the terminal ileum. In a few experiments, 
in which equal aliquots of the ileal contents were heated to 65° C. for one-half 
hour, to destroy all enzymes, prior to exposure to the resin, there was a con- 
siderable release of sodium and potassium to the ileal fluid, but less than was 
released from the resin in the previously unheated ileal contents. 

These findings also suggest that, during the passage from the jejunum 
to the ileum, additional amounts of sodium and potassium were bound by the 
resin and that, in the terminal ileum, those ions were being released from the 
resin faster than they were being absorbed. 


36. RENAL HOMOTRANSPLANTATION IN MAN: CASE WITH 
UNUSUALLY LONG FUNCTIONAL SURVIVAL 


GusTAVE J. DAMMIN, M.D., Davin M. Hume, M.D. (By Invitation), JoHN P. 
MERRILL, M.D. (By Invitation), BENJAMIN F’. Minuer, M.D., AND 
Grorce W. THorN, M.D. (By Invitation), Boston, Mass. 


A major difference between renal homotransplants in dog and man is the 
duration of functional survival of the homotransplant. In the dog, the aver- 
age duration is about five days with an upper limit of about three weeks. In 
man, average duration cannot be estimated because of the relatively small 
number of homotransplants performed, but in the following case, functional 
survival lasted almost six months. 

The patient, G. W., was a 26-year-old physician with terminal chronic glo- 
merulonephritis. The homotransplant, from an adult patient who died during a 
cardiac operation, was inserted into a polyethylene sac and placed subcu- 
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taneously into the thigh with vascular anastomoses to the femoral vessels and 
with a cutaneous ureteral orifice. Significant function appeared on the nine- 
teenth postoperative day and for five months the homotransplant excreted 
between 1,500 to 2,000 ml. of urine per day. During this period, the patient’s 
condition improved and the blood urea nitrogen dropped to 33 mg. per cent 
from a postoperative level of 244 mg. per cent. The blood pressure remained 
elevated (220/140), congestive failure appeared, and the patient expired six 
months postoperatively. 

Post mortem, the transplanted kidney weighed 340 grams. Vascular 
anastomoses were intact and endothelialized. The ureter was slightly dilated 
and angulated. There was no pyelonephritis. The host epidermis had grown 
over the cutaneous portion of the ureter. The ureter was well vascularized 
and its smooth muscle intact. No cellular reaction was observed at the an- 
astomotiec junctions of host and transplant tissues. Since the other donor 
kidney was essentially normal, the advanced atherosclerosis with luminal 
narrowing observed in the smaller branches of the renal artery of the trans- 
plant must have developed during its tenure in the recipient. 

Microscopically, the glomeruli were normal except for moderate basement 
membrane thickening. There was advanced atrophy of the tubules particu- 
larly in the cortex. However, some tubules appeared normal or hypertrophied. 
There was advanced interstitial edema and moderate lymphocytic infiltration 
with some mononuclear cells showing pyroninophilia. 

The long survival and morphologic changes observed suggest considerable 
compatibility of recipient and donor tissues and that ultimate failure of the 
transplant resulted from vascular and circulatory changes related to hyper- 
tension and decompensation. 


37. THE RELATION OF ANTIBODY CONTENT IN THE POPULATION 
TO RECENT EXPERIENCES WITH INFLUENZA VIRUSES IN 
ENGLAND AND THE UNITED STATES 


FreD M. Davenport, M.D., ANN Arpor, Micu. 


In 1951, a severe epidemic of influenza A-prime occurred in England. Yet 
in the same year the outbreak experienced in the United States was mild 
even though virus of similar antigenic constitution was widely disseminated 
in both countries. The greater severity of the epidemic in England may have 
been due in part to a lower level of immunity in the British population be- 
cause of infrequent exposures to influenza viruses in recent years. A pre- 
vious study demonstrated that a serologic recapitulation of the past ex- 
periences of a population with influenza could be obtained by determining the 
age distribution of antibody against many strains of virus, and that the char- 
acter of antibody present at several periods of life correlated with the im- 
munity of each age group. The objective of the present investigation was to 
compare the serologic records of past infection in the British and American 
populations, and to determine whether the results reflected differences in the 
recent epidemic experience of the two countries. For this purpose sera were 
collected in 1953 in Ann Arbor, Michigan, and Sheffield, England, pooled by 
2. to 5-year age groups, and tested for hemagglutination-inhibiting antibodies 
after removal of nonspecific inhibitors by digestion with trypsin. Sera from 
Sheffield were made available through the generosity of Dr. Stuart-Harris. 
Levels of antibody against A and A-prime strains of influenza virus were 
markedly lower in the pools of sera collected in Sheffield, although the age 
distribution of maximal antibody titer was approximately the same in both 
collections. With several A-prime strains, antibody could not be detected in 
th« Sheffield pools, although the Ann Arbor pools contained moderate levels of 
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antibody against the same viruses. The low levels of strain specific antibody 
in the early years of life and of composite antibody in adulthood found in the 
Sheffield sera helps to explain the high attack rate of influenza in England in 
1951 and suggests a reason for the unusual finding that the attack rate of in- 
fluenza A-prime appeared to be the same at all ages in that outbreak. 









38. STUDIES ON PORTAL PRESSURE 
THE RELATION OF INTRASPLENIC PULP PRESSURE TO PoRTAL VENOUS PRESSURE, 
AND THE USE OF SPLENIC EXPLANT IN THE STUDY OF PoRTAL 
VENOUS PRESSURE 









W. D. Davis, Jr., M.D., Hugs M. Batson, Jr., M.D. (By INvITATION), AND 
WILLIAM SCHINDEL, M.D. (By Invitation), NEw ORLEANS, La. 





The intimate relationship of the sinusoids of the splenic pulp to the portal 
venous system suggests that intrasplenie pulp pressure might precisely reflect 
the level of portal venous pressure. Direct measurement of intrasplenice pulp 
pressure is easily accomplished by means of the Burch phlebomanometer and 
tissue pressure needle with side openings and closed end, using sodium citrate 
as anticoagulant. Preliminary acute experiments in dogs demonstrated that 
occlusion of the splenic vein by ligature was followed by rapid rise of the intra- 
splenic pressure to approximately 450 mm. of water with a rapid fall to normal 
following release. Simultaneous recordings of portal venous pressure by 
means of a direct water manometer and intrasplenic pulp pressure demon- 
strated close agreement between the values obtained under control conditions, 
when portal hypertension was acutely induced by occlusion of the portal vein, 
and rapid and simultaneous fall following release. 

The preparation of dogs with subcutaneous splenic explants has provided 
a method by which variations in portal pressure may be followed in the un- 
anesthetized animal serially for periods of months or years. Previously de- 
seribed acute elevation of the portal pressure in anesthetized animals from 
epinephrine, norepinephrine, and histamine has been demonstrated by this 
technique, as well as a slight fall from surgical pituitrin. Following econstric- 
tion of the portal vein with an aluminum band the splenic pulp pressure rises 
rapidly to a peak of 250 to 300 mm. in H,O, remains stabilized for about 5 
to 7 days, then slowly falls to the preoperative level. During this period of 
portal hypertension the rise in splenic pulp pressure from epinephrine is un- 
changed but surgical pituitrin administration invariably has reduced the intra- 
splenic pressure to the preoperative level or below for periods as long as 30 
minutes. This depressor effect is also exhibited by pitressin but to a much 
lesser degree of pitocin. Investigation of the mechanism of this effect and of the 
effect of epinephrine and pituitrin in hypertension secondary to hepatic vein 
constriction is continuing. 






























39. THE EFFECTS OF FRUCTOSE ON MYOCARDIAL METABOLISM 





VALENTINO DeFazio, M.D. (By Invitation), HARPER K. HELuLEms, M.D., 
LEoNARD LEIGHT, M.D. (By INviTATION), FREDERICK N. TALMERS, M.D. 
(By InvitTaTION), AND TimotHy J. REGAN, M.D. 

(By Invitation), DETROIT, MIcu. 
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To determine if fructose is utilized by the myocardium, six normal fasting 
subjects have been studied by the technique of coronary sinus catheterization 
during the intravenous infusion of 10 per cent fructose solution at the rate 
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of 1.5 to 2.0 Gm./kilogram/hour. Simultaneous arterial and coronary sinus 
blood samples were obtained before, at 15 minutes, and 57 minutes after start- 
ing the infusion, and in three patients 15 minutes after completion of the in- 
fusion. All samples were analyzed for total reducing substances, fructose, 
lactate, and pyruvate. In four of the subjects, the myocardial respiratory 
quotient was determined before and during the infusion of fructose. 

During the infusion of fructose, arterial blood levels varied from 22 to 
291 mg. per cent, while myocardial extraction varied from 4.6 to 19.38 mg. per 
cent in four subjects, and was less than 3 mg. per cent in two individuals. 
There was no relation between myocardial extraction and blood fructose con- 
centration. After cessation of the infusion, negative myocardial A-V dif- 
ferences of fructose varying from 2 mg. to 14.3 mg. per cent were observed, 
suggesting that fructose may be trapped in the myocardial cell and then 
released in a free form. 

In all subjects during the infusion of fructose, there was a marked in- 
crease in arterial blood concentrations of lactate and pyruvate and of their 
extraction by the myocardium. Although a consistent linear relationship could 
not be demonstrated between arterial concentration and myocardial extraction 
of these substances, the greater extractions tended to be associated with the 
higher blood concentrations. In four of the six subjects in whom the myo- 
cardial respiratory quotient was determined, the control value averaged 0.79 
and inereased to 1.03 during fructose infusion. 

It is coneluded that these observations, while demonstrating the myo- 
cardial cellular extraction of some fructose, do not afford evidence that the 
hexose is utilized by the cell for energy metabolism. 


40. TYPE-SPECIFIC STREPTOCOCCAL ANTIBODIES 


FLoyp W. Denny, JR., M.D., WiLuiAM D. Perry, M.D. (By Invitation), LEwis 
W. WANNAMAKER, M.D. (By INviTaTION), AND CHARLES H. RAMMELKAMP, 
Jr., M.D., NASHVILLE, TENN. 


Type-specific or M-protein antibodies have been shown to be responsible 
for immunity of man to streptococcal infections, but little is known of the 
behavior of these antibodies. This study was designed to determine the fre- 
queney and time of development, with relation to serologic types, of type- 
specific antibody and antistreptolysin ‘‘O.’’ Patients with streptococcal in- 
fections who received either penicillin or Aureomycin therapy were also 
studied, as were those with streptococcal infections who subsequently devel- 
oped acute rheumatic fever. 

Ninety-two per cent of untreated patients showed a significant increase 
of type-specific antibody and 98 per cent a significant increase of anti- 
streptolysin. Antistreptolysin developed quite rapidly, appearing in most 
cases within 30 days after infection. No difference in time of development due 
to the infecting type of streptococcus could be demonstrated. In contrast, 
type-specifie antibodies developed much later and there was a great difference 
in the time of response according to the type of infecting streptococcus. Pa- 
tients with Type 6 or 24 infections developed type-specific antibodies most 
rapidly, the majority showing significant increases within 40 to 50 days. Pa- 
tients with Type 5 or 14 infections developed antibodies more slowly, very few 
showing significant increases until after 50 days. 

Treatment with penicillin caused a moderate reduction in the anti- 
Streptolysin response and completely inhibited the production of type-specific 
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antibodies. Throat cultures following penicillin therapy were uniformly nega- 
tive for streptococci. Treatment with Aureomycin caused little if any reduc- 
tion in the antistreptolysin response. Type-specific antibodies were moder- 
ately reduced but not to the degree caused by penicillin. The failure of Aureo- 
mycin to prevent formation of type-specific antibody was closely related to its 
failure to eradicate the streptococcus from the throat. 

The type-specific antibody pattern of those patients who subsequently de- 
veloped rheumatic fever was not significantly different from the control group. 

These data emphasize the differences in host response to various antigenic 
components of Group A streptococci. They also emphasize the effectiveness of 
penicillin in treatment of streptococcal infections and have certain implications 
concerning the pathogenesis of rheumatic fever. 
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STUDIES OF THE ACUTE HEMOLYTIC ANEMIA 
BY CERTAIN ANILINE DERIVATIVES AND 
RELATED COMPOUNDS 


41. 





RayMmonp J. Dern, M.D., Pu.D. (By Invitation), ERNEst BEUTLER, M.D. (By 
INVITATION), C. LARKIN FLANAGAN, M.D. (By INVITATION), AND 
AF 8. AtvinG, M.D., Cuicaco, IL. 


It has long been recognized that methemoglobinemia and acute hemolytic 
anemia are two of the important toxic effects resulting from the administration 
of certain aniline derivatives and related compounds. Many studies of drug- 
induced methemoglobinemia have been made, with the accumulation of con- 
siderable evidence that there is no cause-effect relationship between methemo- 
globin formation and acute hemolysis. <A detailed study of the mechanism of 
the hemolytic anemia produced by aniline derivatives has been undertaken in 
this laboratory. 

It was first shown that an erythrocytic defect, present in about 15 per cent 
of American Negroes and in oceasional Caucasians, was responsible for the de- 
velopment of acute hemolytic anemia when one of these drugs (primaquine) 
was given. Subsequent studies demonstrated that the presence of this defect 
also causes sensitivity to sulfanilamide, acetanilid, phenylhydrazine, thiazol- 
sulfone (Promizole), phenacetin, and sulfoxone (Diasone). 

The administration of these compounds to sensitive men results in acute 
hemolysis, followed by a return of hemoglobin concentration to normal levels, 
although drug administration is continued. The development of a drug re- 
fractory state is due to the fact that a sensitive individual has a heterogeneous 
cell population, with old cells sensitive and young cells refractory to drug. 
Therefore, the administration of drug results in hemolysis of old cells only, 
the hemoglobin returning to normal by virtue of the rapid production of new 
cells which are not affected by drug until they age in the circulation. 

Although sensitive erythrocytes are normal morphologically, in response 
to fragility tests, and in hemoglobin type, they differ from nonsensitive cells 
in two respects. When sensitive red cells are incubated with acetylphenyl- 
hydrazine and subsequently stained for microscopic examination, a charac- 
teristic pattern of Heinz body formation develops. This has been made the 
basis of a highly reliable in vitro test for sensitivity. Biochemical differentia- 
tion is also possible since it has been shown that sensitive red cells have a con- 
sistently lower glutathione level than nonsensitive cells. 
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42. PROLONGED BALANCE STUDIES OF SODIUM” AND ITS 
RELATION TO SODIUM INTAKE 


Wm. J. DiecKMANN, M.D., AND Russet E. Porrincer, S.M. (By Invitation), 
Cuicago, ILL. 


It has been noted by other investigators that when equilibrium is estab- 
lished after an injection of Sodium*® especially after some days, a certain 
amount of Sodium”? cannot be accounted for. It has also been reported that 
there is some parallelism between output and the excretion of Sodium??’. 

Two normal subjects, one on a high sodium intake and the other on a 
relatively low sodium intake, collected 24-hour urines for a period of 58 days. 
The individual whose excretion of sodium ranged from 1 to 3 Gm. per 24 hours 
had a very gradual decrease in concentration of Sodium”? in the serum and 
a relatively slow excretion of Sodium??. His sodium space. was constant for 
about two weeks and at the end of 58 days only 6 per cent of his sodium could 
not be accounted for in the urine or serum. It has been shown that this 
amount is excreted in the feces. 

The individual who was excreting from 4 to 8 Gm. of sodium per 24 hours 
had a more rapid decline in the concentration of Sodium”? in the serum, drop- 
ping to 9 per cent as compared with 28 per cent in Case 1 in 58 days. The 
sodium space began to increase markedly after the fourth day as compared 
with 22 days in Case 1. Twenty-four per cent of the Sodium*? was unac- 
counted for in Case 2 at the end of 58:days. After 3 months there was no de- 
tectable Sodium”? in Case 1 whereas in Case 2, 2.8 per cent could still be ac- 
counted for in the serum with only a trace in the urine. Similar observations 
are being made in pre-eclampsia. 


43. HEPARIN EFFECT ON SERUM LIPOPROTEINS AS STUDIED BY 
FREE AND FILTER PAPER ELECTROPHORESIS 


Haroutp L. Dosson, M.D., AND SAMUEL H. StrIBLinG, M.D., Houston, TEx. 


(INTRODUCED By JAMES A. GREENE, M.D.) 


Recently much attention has been focused on lipoproteins and their rela- 
tionship to arteriosclerosis. One point of interest has been the dispersing ef- 
fects of heparin on serum lipoproteins. As filter paper electrophoresis offers 
such advantages as simplicity and ability to study large numbers of patients, 
it was felt that it would be worth while to study the similarities and differences 
ot free and filter paper electrophoresis before and two minutes after the intra- 
venous injection of 50 mg. of heparin. Twenty individuals, both normal and 
abnormal, were studied. Free electrophoresis was studied with Perkin-Elmer 
apparatus, model 38, using schlieren diagrams. Paper electrophoresis was ecar- 
ried out by means of a modification of the Flynn and DeMayo procedure. 
Bromphenol blue and azocarmine were used to develop the total protein pat- 
tern while Sudan Black B and Sudan III techniques were used for lipoprotein 
studies. In general there was good agreement between the paper and free 
electrophoresis before the injection of heparin. There was some difference 
in the total protein patterns in the paper electrophoresis before and after 
heparin. However, there was a marked difference in the protein patterns of 
paper and free electrophoresis after the injection of heparin. In the free 
electrophoresis there was marked disruption of the pattern especially in the 
beia lipoprotein while with paper electrophoresis there was much less change. 
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Azocarmine tends to parallel the free electrophoresis more than does the brom. 
phenol blue. When paper electrophoresis was stained for lipoprotein there 
were very few positive results with the technique used. These discrete positive 
areas in the beta globulin disappear after the injection of heparin. 

It is felt that these results indicate some basic differences between free and 
filter paper electrophoresis which may prove useful in studying lipoproteins. 





44, ABSORPTION OF Co® LABELED VITAMIN B,, IN INTESTINAL 
3LIND LOOP MEGALOBLASTIC ANEMIA 






ALFRED DOSCHERHOLMEN, M.D., AND PAuL S. HAGEN, M.D., MINNEAPOLIS, MINN. 







(INTRODUCED BY EpMUND B. Fink, M.D.) 





A 32-year-old laborer was admitted to the hospital in August, 1952, with 
a history of progressive weakness and fatigue, intermittent glossitis, and 
numbness of the hands and feet of 6 months’ duration. While in the Army 
he developed terminal ileitis, and an ileocolostomy was performed in April, 
1944. Lack of improvement led to a second laparotomy in August, 1944, with 
closure of the loop of ileum distal to the anastomosis. Gradual recovery en- 
sued, although he had 4 to 6 loose stools daily. On admission, physical exam- 
ination was not remarkable. Blood examination revealed a macrocytie anemia 
with hemoglobin of 7.5 Gm. per 100 ml. of blood and a megaloblastie bone 
marrow. Gastric juice contained free hydrochloric acid. Fecal fat and nitro- 
gen studies were normal. X-ray examination revealed an ileocolostomy with 
a blind loop of distal ileum and evidence of ileities. Vitamin C gave subop- 
timal response, while all blood values returned to normal on addition of 
vitamin B,,. intramuscularly. He continued in remission with parenteral vita- 
min B,.. In Mareh, 1954, the patient was restudied. Physical and laboratory 
findings were normal. X-ray examination again revealed the blind intestinal 
loop and some progression of the ileitis. B,.-Co®® absorption studies with 0.5 
pg B,. orally resulted in fecal excretion of 78 per cent of the given dose and 
there was no urinary radioactivity after a ‘‘flushing’’ intramuscular dose of 
1,000 pg of By. 

The addition of 100 mg. of intrinsic factor concentrate failed to cause 
normal B,, absorption, although the same dosage had repeatedly proved ef- 
fectual in pernicious anemia patients. Addition of 300 mg. of the intrinsic 
factor concentrate, pre-test saturation with oral B,. and attempted steriliza- 
tion of the gut with neomycin failed to bring about normal absorption of the 
B,.-Co® test doses. The patient’s gastric juice effected some absorption of 
3:0-Co® in a patient with pernicious anemia. Various possibilities to explain 
the failure of absorption of B,,. in this patient will be discussed. 























45. METABOLISM OF COMPOUND S IN RHEUMATOID ARTHRITIS: 
EFFECT ON 17-KETOSTEROID EXCRETION 






Ivan F. Durr, M.D., Wiuu1am D. Rosinson, M.D., WiuuiAM M. MIKKELSEN, 
M.D. (By Invitation), AND ALETHA M. HEMERLINE, A.B. 
(By Invitation), ANN ARBor, MICH. 








Recent studies (J. Las. & Cin. MEp. 43: 79, 1954) by Conn, Fajans, Louis, 
and Seltzer suggest that the excretory level of 17-ketosteroids can be modified 
by altered metabolism of adrenocortical steroids, and disclosed that patients 
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with liver disease excrete a much smaller proportion of administered com- 
pound S as 17-ketosteroids than do normal individuals. Oral administration 
of 400 mg. daily of compound S produces in normal subjects on the second 
day a peak increase in 17-ketosteroid excretion of 25 to 45 mg. above base- 
line values. 

This test has been applied to 9 men and 7 women with rheumatoid arthri- 
tis. Base-line excretion of 17-ketosteroids was below normal in 12. Admin- 
istration of compound S produced in only 5 patients a normal increment in 
17-ketosteroid excretion (25 to 73 mg.); the response was subnormal in 3 
(13 to 24 mg.). In the remaining 8, the rise in excretory level was 12 mg. 
or less. Further alteration in excretory pattern characterized by delay in 
peak values was seen in 8 patients. Liver function was normal in these pa- 
tients with the exception of excessive Bromsulphalein retention in one. Initial 
response to compound S was not obviously correlated with duration, severity, 
or extent of the disease process. 

The tests were repeated in 6 patients 8 to 12 months later. Clinical im- 
provements in 3 subjects coincided with excretion of a larger proportion of 
administered compound S as 17-ketosteroids, in two of whom there had 
initially been no increase whatsoever. The clinica! status of the remaining 3 
was unchanged; the laboratory response was unchanged in 2 and had de- 
teriorated in 1. 

Similar altered metabolism of compound S has been observed in gout with 
Von Gierke’s disease, rheumatoid spondylitis, pulmonary tuberculosis, in pa- 
tients convalescing from poliomyelitis, and in some patients with gout. 


46. THE SIGNIFICANCE OF THE PNEUMOTACHOGRAM IN THE 
STUDY OF THE MECHANICS OF VENTILATION 


RicHarD V. EBeErt, M.D., AND FRANcIs Happy, M.D. (By Invitation), 
LirtLeE Rock, ARK. 


Various forces are involved in the movement of air in and out of the 
lungs. These forces include: (1) muscular action; (2) the elastic force of 
the lungs and chest wall; (3) the force required to accelerate the mass of the 
lungs, liver and chest wall; (4) the force required to overcome resistance to 
air flow in the air passages and frictional resistance to movement of the chest 
wall. It has been generally assumed that expiration during quiet breathing 
is passive and that the muscles are not involved. If this is true, study of the 
pheumotachogram during expiration should reveal much information regard- 
ing the mechanies of ventilation. 

To elucidate this point, the pneumotachogram of anesthetized dogs given 
curare was studied. Curare was used to completely eliminate muscular action. 
The lungs were artificially inflated. When expiration was suddenly permit- 
ted, the rate of air flow rose almost immediately to a maximum value and then 
declined gradually. By integrating the pneumotachogram a volume curve was 
obtained. The difference between the total volume of air expired and the 
volume of air expired at time ¢ was plotted. An exponential type of curve was 
obtained. These results imply that the pressure required to overcome accelera- 
tion of mass of the respiratory apparatus is negligible and that the pressure re- 
sulting from the elastic properties of the lung and chest wall and the pressure 
required to overcome the resistance to movement of air are approximately 
linear funetions of change in volume and rate of air flow, respectively. The 
Pheumotachogram of spontaneously breathing anesthetized dogs not given 
curare was markedly different from that of the animals paralyzed with curare. 
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The rate of air flow increased gradually to a maximum. Only the latter por- 
tion of the volume curve was exponential. The conclusion is that in the an- 
esthetized animal only the latter portion of expiration is passive and unrelated 
to muscular action. 

Study of pneumotachograms from unanesthetized human beings would 
indicate that all of expiration is influenced by muscular action. As a result, 
analysis of the pneumotachogram obtained during quiet breathing is of no aid 
in the study of the mechanics of ventilation. 


47. URINARY CALCIUM EXCRETION AS A MEANS OF MEASURING 
EFFECTIVENESS OF ENDOCRINE MANAGEMENT OF 
METASTATIC CARCINOMA OF THE BREAST 


NYLENE ECKLEs, M.D. (By INviTaTION), AND SAMUEL G. Taytor, IIT, M.D., 
Cuicaco, ILL. 


About seventy-five ambulatory patients with metastatic cancer of the 
breast were observed during steroid hormone deprivation and administration. 
The urinary calcium excretion was determined at various periods before and 
after the administration of testosterone, estrogens or cortisone in some, and 
before and after castration or adrenalectomy in others. This has been cor- 
related with clinical response, tumor growth, serum alkaline phosphatase, 
and roentgen changes. 


48. HEPATIC CIRCULATION AND FUNCTION IN PATIENTS WITH 
MITRAL STENOSIS 


JOHN W. EckstTEIN, M.D. (By Invitation), JAMES W. CULBERTSON, M.D., AND 
GEORGE N. BEpDELL, M.D. (By Invitation), Iowa City, lowa 


In patients with congestive heart failure a decrease in hepatie blood flow 
~ (EHBF) parallels the reduction in cardiac output, and hepatic extraction 
(Epsp) and plasma clearance (C)s)) of Bromsulphalein are diminished (Myers). 
Patients with mitral stenosis who are not in heart failure tend to have a low 
eardiae output. This study was undertaken to determine whether hepatic 
circulation and hepatocellular function are normal in such eases. 

Observations were made on ten patients with mitral stenosis. Seven of 
these (2 men, 5 women) had no systemic venous congestion (normal hepatic 
venous, right atrial and right ventricular end-diastolic pressure levels). 
Cardiac index (Fick) was low (2.3 to 2.5) in three patients, low normal 
(2.7 to 3.1) in three, and aa (3.6) in one (mean, 2.8 L./min./M?). Two 
patients had low normal (1,193, 1,352) EHBF, and five had normal (1,396 to 
1,710) values (mean, 1,487 ml. /min. /1.73 M? ). . oe was low (275, 307) in two 
subjects, normal (404 to 730) in five (mean, 461 ml./min./1.7 73 M?). Enpsp was 
low (0.29 to 0.33) in the two patients with low Cys», and sachet (0.41-0.82) 
in five (mean, 0.54). Splanchnie oxygen consumption (SpO.) was low (47) in 
one patient, normal (66 to 89) in ant, and increased (122) in one (mean, 
77 mi./min./1.73 M?). 

Two men with mitral stenosis, a in heart failure (normal right ventricu- 
lar end-diastolic pressure) but with tricuspid stenosis (elevated right atrial 
and hepatic vein pressure), had normal (3.2, 3.4) cardiac indices and normal 
(1,420, 1,482) EHBF. C),) was normal (447) in one and subnormal (340) in 
one. Epsp was normal (0.54) in the first and low (0.33) in the latter. SpO, was 
normal (68) in the first (not determined in the latter). 
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One man with mitral stenosis and frank right ventricular failure had the 
expected uniformly low values throughout. 

These observations demonstrate normal hepatie circulation and function 
in mitral stenosis patients not in right ventricular failure. They show that im- 
paired liver function may accompany mild tricuspid stenosis with central sys- 
temic venous congestion. They confirm reduction of both hepatic circulation 
and hepatocellular function in frank right ventricular failure. 


49. METABOLISM OF CORTISONE BY RAT LIVER HOMOGENATE 
ALBERT B. EISENSTEIN, M.D., St. Louis, Mo. 
(INTRODUCED BY RoBERT E. SHanx, M.D.) 


The liver is the major site of metabolism of adrenocortical steroids including 
cortisone. Reduction of the conjugated, unsaturated bonds in ring A of the 
molecule and degradation of the 17,21-dihydroxy-20-ketone side chain are 
among the changes that occur during the hepatic metabolism of cortisone. 
Although these changes are enzymatic, little is known of the enzyme systems 
concerned. The present study was carried out in an attempt to determine 
some of the characteristics of these enzymes. 

Rat liver homogenates were incubated in a physiologic, buffered medium 
containing cortisone as substrate. After incubation the steroids were re- 
covered and analyzed for the presence of conjugated, unsaturated bonds in 
ring A by ultraviolet spectroscopy and the sulfuric acid technique of Zaffaroni. 
The presence of a dihydroxy-ketone side chain was determined by the Porter- 
Silber method. 

Incubation of liver homogenate with cortisone for one hour at 37° C. re- 
sulted in an average loss of 20 per cent of the conjugated, unsaturated bonds 
and average degradation of 26 per cent of the dihydroxy-ketone side chain. 
Addition of citrate or iso-citrate to the incubation mixture in 0.01 M concen- 
tration resulted in an increased rate of disappearance of both the conjugated, 
unsaturated system and the side chain. Diphosphopyridine nucleotide (DPN) 
accelerated destruction of the conjugated double bonds but only slightly in- 
creased the degradation of the side chain. Following addition of 0.01 M alpha 
ketoglutarate there was inhibition of reduction of the alpha-beta unsaturated 
ketone and degradation of the dihydroxy-ketone structure. Other compounds 
including succinate, pyruvate, ATP, AMP, and versene had no influence on 
the rate of either reaction. 

Since versene, a metal-binding agent, and succinate, an intermediate in 
Kreb’s eyele, had no influence on the metabolism of cortisone, it is believed 
that citrate is a required cofactor in the metabolism of this steroid. The 
mechanism by which DPN accelerates reduction of the conjugated, unsatu- 
rated bonds is not apparent. The inhibition of steroid metabolism following 
addition of alpha ketoglutarate may result from competition between it and 
the steroid for the DPN in the system. The possible clinical significance of 
these observations will be discussed. 


50. THE EFFECT OF STRESS AND CORTISONE ON THE 
CIRCULATING THYROID HORMONE 


Wituram W. Enestrom, M.D., ANp BLANCH Markarpt, M.A. (By INviTAtIon), 
MILWAUKEE, WIS. 


It has been shown that environmental stress or the administration of 
cortisone will depress the radioiodine uptake by the thyroid of animals. Also. 
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Bondy and Hagewood (Proce. Soc. Exper. Biol. & Med. 81: 328, 1952) suggested 
that cortisone decreases the rate of peripheral utilization of thyroid hormone. 

In preliminary studies we have demonstrated in 24 patients that unecoin- 
plicated surgical stress of varying severity does not alter the concentration of 
the circulating thyroid hormone as measured by the serum precipitable iodine 
(SPI). Thus, the SPI should be a reliable measure of thyroidal activity even 
in the acutely ill patient. 

To eliminate endogenous variations in thyroid function, cortisone in large 
amounts was acutely administered for two or three days to patients with pri- 
mary myxedema or anterior pituitary insufficiency while they were maintained 
on exogenous desiccated thyroid. No change in SPI occurred. Under these 
circumstances in man there was no evidence of an altered rate of disposal of 
thyroid hormone by cortisone. 

However, while acute uncomplicated stress (surgery) or the acute admin- 
istration of cortisone does not alter the SPI, patients suffering from serious, 
chronic illnesses frequently exhibit abnormally low SPI. Values as low as 
those seen in severe myxedema are not infrequently encountered. In these the 
SPI is correlated with the level of the serum albumin. Conceivably, the SPI! 
could be depressed if the thyroxine, normally bound firmly to protein, were to 
exist in a free state or in an easily dissoluble form. However, we found the 
butanol-extractable iodine also to be low in these instances. Thus, malnu- 
trition and chronic illness in some way may lead to a true depression of the 
circulating thyroid hormone. 


51. ADRENAL HORMONE THERAPY IN VIRAL HEPATITIS. 
IV. THE EFFECT OF GAMMA GLOBULIN AND ORAL 
CORTISONE IN THE ACUTE DISEASE 


ALFRED S. Evans, M.D., Cou. Ropert 8. Netson, MC (By Invitation), 
Lr. Cot. HeLMutTH Sprinz, MC (By INVITATION), AND 
CAPTAIN FRANK P. CANTRELL, MC (By INvITATION), 
Mapison, WIs. 


Earlier studies have established that both ACTH and cortisone signifi- 
cantly influence the course of acute viral hepatitis compared to patients treated 
only with rest and a nutritious diet. A prompt fall in bilirubin and a definite 
improvement in appetite were noted. With cortisone in particular, the pri- 
mary recovery period was shortened by two weeks and histopathologic studies 
of liver biopsies revealed more rapid progress toward healing. The principal 
disadvantage to therapy was the striking incidence of relapses of the order 
of 20 per cent as compared to none in a control group. In addition, such treat- 
ment was both prolonged (28 days) and painful because of the intramuscular 
route. 

The main purpose of the present study was to determine whether the ad- 
ministration of gamma globulin in conjunction with cortisone could lower the 
relapse rate. This was based on the premise that gamma globulin might bol- 
ster immunity in a patient made more vulnerable to relapses by hormone 
therapy. Secondarily, we wished to learn if this compound was effective if 
given orally and if a shorter treatment schedule could be employed. 

Twenty-two patients with acute viral hepatitis were given oral cortisone 
in conjunction with the administration of large amounts of gamma globulin 
intramuscularly at the beginning and end of: hormonal therapy. Gamma glob- 
ulin failed to prevent relapses: four occurred, an incidence similar to that in 
ACTH or cortisone treated subjects without conjunct gamma globulin therapy. 
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Oral cortisone produced a rapid initial drop in bilirubinemia but failed to 
influence significantly the total duration of illness except in two patients re- 
ceiving therapy over a three-week period. 

Even under ideal circumstances cortisone does not shorten the duration 
of disease sufficiently, in our opinion, to run the increased risk of relapse, and 
thus is not recommended for the routine treatment of viral hepatitis. It may 
have a place in the treatment of severe, markedly symptomatic, and progres- 
sive viral hepatitis and certainly deserves further trial in fulminant hepatitis 
with coma. 


52. ELECTROLYTE CHANGES IN DIFFERENT PARTS OF THE 
GASTROINTESTINAL TRACT DURING RESTRICTION OF 
DIETARY SODIUM WITH AND WITHOUT THE 
ADMINISTRATION OF CATION-EXCHANGE 
RESIN 


Il. Freip, Jr., M.D., Leon SweE.u, Px.D. (By Ixviration), R. E. Datey, M.S. 
(By Invrration), E. C. Trout, Jr., B.S. (By Invitation), AND R. S. Boyp, M.D. 
(By Invitation), MARTINSBURG, WEST VA. 


The suggested failure of cation-exchange resins to combine with ‘‘en- 
dogenous’’ sodium does not explain the inefficacy of such resins in patients 
whose dietary sodium is much restricted. We have contrasted the average 
fecal sodium of 0.48 meq. and feeal potassium of 1.52 meq. per gram of resin, in 
long-term observations on patients with dietary sodium moderately restricted 
to 35 to 52 meq. per day, while taking 15 Gm. of a carboxylic exchange resin 
with each meal, with the uptake of 2.34 meq. of sodium and 0.18 meq. of po- 
tassium, per gram of resin, when in equilibrium, in vitro, with the average 
electrolyte composition of the terminal ileum. Those differences could be due 
to changes in the electrolyte composition in the terminal ileum, accompanying 
the restriction of dietary sodium, or to dynamic absorption of sodium, with 
lack of such absorption of potassium, by the colon. 

Experiments, utilizing dogs with fistulas into their terminal ileum or into 
their jejunum, demonstrate that both those possibilities occur in the dog. 

During the simple, dietary restriction of sodium, diet dtherwise identical, 
the sodium concentration in the terminal ileum declined from about 100 meq. 
per liter to about 10 meq. per liter. That indicates an efficient conservation of 
sodium in the upper gastrointestinal tract. There was a corresponding, re- 
ciproeal increase in the potassium concentration in the terminal ileum. That 
suggests a dynamic mechanism for selective absorption, or secretion, or both, 
of those ions, which tends to maintain a constant osmolarity of the ileal con- 
tents. 

When 15 Gm. of resin were administered after each day’s feeding, a diet 
with ‘‘normal’’ sodium content, and at three different levels of dietary sodium 
restriction, diet otherwise identical, following control periods, before resin ad- 
ministration, at each level of dietary sodium, there was a step-wise decline in 
the amount of sodium bound per gram of resin, with each decrease in the 
dietary sodium. 

_ At each level of dietary sodium, there was 4 to 4¢ as much sodium bound 
in the feces, per gram of resin, as was bound by the resin in the terminal ileum, 
That indieates dynamic absorption of sodium by the colon. 
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538. ENERGY COST OF THE MASTER TWO-STEP TEST 


Amasa B. Forp, M.D. (By Invitation), WiLLIAM K. Littman (By INvi7Tation), 
HERMAN K. HELLERSTEIN, M.D., AND ARISTIDES GousiIos (By INvITATION), 
CLEVELAND, OHIO 


The electrocardiographic changes of Master’s two-step test are familiar, 
but the energy cost of the test has not been previously determined. In the 
present study this cost was measured in 52 healthy male subjects between the 
ages of 20 and 69 years. Oxygen consumption was determined by the open 
circuit method, and electrocardiograms were taken during resting, exercise, 
and recovery periods. 

In the normal subjects mean total oxygen consumption in excess of resting 
was 2.32 + 0.34 liters (1.50 liters per minute of exercise). Mean work per- 
formed was 765.9 + 78 kilogrammeters (494 kilogrammeters per minute of ex- 
ercise). The ratio of oxygen consumption to work performed was greater 
(p = < 0.01) in the subjects over age 40 than in those below 40, but the total 
oxygen consumption was not significantly different. ‘‘Respiratory efficiency”’ 
(cubic centimeters of oxygen extracted per 100 ml. of air breathed) was 
greater (p = < 0.01) at rest in the younger group, but not during exercise. 
In all cases the pulse rate returned to within ten beats of the resting level by 
two minutes after exercise, and 86 + 9 per cent of the total oxygen debt had 
been repaid in three and a half minutes. Electrocardiograms before and after 
exercise were normal. 

The two-step test was compared with an identical total ascent on a standard 
stairway in the same period of time (1144 minutes). Stair-climbing required 
12 per cent less oxygen consumption than the step test. The difference is sig- 
nificant (p = < 0.01) and is attributed to more frequent turning involved in 
the step test. 

Preliminary studies have been made on 18 patients, 8 with hypertension, 
and 10 with arteriosclerotic heart disease and myocardial infarction. ‘‘Re- 
spiratory efficiency’’ during exercise was lower than normal, and in 13 of 18 
eases blood pressure and pulse rate failed to return to resting levels in two 
minutes. The electrocardiogram changed after exercise in only 5 of 18 cases. 

Summary.—The two-step test requires a large energy expenditure which 
is equal in all age groups. Changes in blood pressure, pulse rate, and ‘‘re- 
spiratory efficiency’’ appear to be more sensitive parameters of cardiovascular 
function than are electrocardiographie changes. 


54. CYCLIC VARIATIONS IN OXYGEN SATURATION OF ARTERIAL 
AND CENTRAL VENOUS BLOOD IN PATIENTS WITH 
INTRACARDIAC OR GREAT VESSEL SHUNTS 


IrRwIN J. Fox, M.D., (By Invitation), Howarp B. BurcHELL, M.D., AND 
Earu H. Woop, M.D., Pu.D., RocHester, MINN. 


Variations in oxygen saturation of blood with respiratory or cardiac cycles 
in patients with shunts are of interest since they might be used to study 
changes in the magnitude and direction of shunts produced by breathing or 
the heartbeat. If present, these variations could produce significant errors 
in measurement of systemic or pulmonary blood flow by conventional applica- 
tions of the Fick principle. 
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In normal subjects and cardiac patients fluctuations in arterial oxygen 
saturation were studied by means of continuously recording earpiece oximeters 
and a cuvette oximeter attached to a needle in the radial artery. Variations 
in oxygen saturation of central venous blood were investigated by constant 
withdrawal of blood at a rapid rate through a reeording cuvette oximeter via 
a cardiac catheter. Particularly for the study of variations at cardiac fre- 
queney, an electrical synchronizer assembly was used permitting withdrawal 
of blood during any desired portion of the cardiac cycle. 

Variations in arterial oxygen saturation at respiratory frequency were 
usually not detected in normal subjects but characteristic changes were pro- 
duced by breath holding in the inspiratory and expiratory positions. Varia- 
tions, however, were frequently found in patients with right-to-left shunts 
who also may show paradoxical effeets with voluntary alteration in breathing. 

Variations in oxygen saturation of central venous blood at respiratory 
frequency were detected in all normal subjects studied. These could be abol- 
ished by breath holding and were exaggerated by deep breaths and usually by 
exercise. They were uniformly greatest (0.5 to 5 per cent) in the inferior 
cava above the renal veins. 

Similar variations were usually detected in patients with shunts. In some 
with bidirectional shunts the largest fluctuations were found at the shunt. 
A striking parallelism in fluctuations in oxygen saturation of arterial and 
venous blood beyond the shunt indicated that left-to-right and right-to-left 
components were affected simultaneously in inverse directions. 

The dynamic response characteristics of the catheter-cuvette-oximeter 
blood sampling assembly prevent estimation of the true maximal amplitude 
of the cyclic variations even at respiratory frequency. Henee significant errors 
in determinations of svstemie and pulmonary flow by conventional Fick methods 
are possible. 


». ADRENOCORTICOTROPIN AND CORTISONE IN THE 
TREATMENT OF SEVERE REITER’S SYNDROME 


DoxaLtp T. Foxwortuy, M.D., Ropert M. Poske, M.D. (By Invitation), 
Evan M. Barton, M.D., Anp Max M. Montcomery, M.D., 
CHIcAGo, ILL. 


(INrRopUCED By Louis R. Limarz, M.D.) 


Reiter’s syndrome, a condition of undetermined etiology, is manifested by 
urethritis, conjunctivitis, and arthritis, and in its moderate and severe forms 
follows a characteristic course over a two to four month period. Remissions 
occur within a few weeks in the milder type of this syndrome. The patients 
with the severe form have persistent joint and muscle pain, high fever, rapid 
weight loss, marked joint effusions, and some also have extensive mucous mem- 
brane and skin lesions. These patients sometimes present a difficult problem in 
management. 

Seven such patients have been treated with ACTH and/or cortisone, plus 
the usual conservative measures. Total treatment per patient ranged from 
14 days to 93 days. Response was prompt and symptoms were usually well 
controlled on a moderate dosage schedule. One patient required large amounts 
of ACTH. Another patient on ACTH developed marked apprehension so 
bothersome that he preferred the joint symptoms to continuance of therapy. 
The dosage in all patients was kept at the lowest level which would control 
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severe manifestations of the disease. Reduction was carried out slowly, and 
treatment was discontinued when the dosage reached levels ordinarily con- 
sidered to be ineffective. 

The duration of the syndrome was not shortened by the use of these sub- 
stances, but convalescence appeared to be more rapid since there was less 
weight loss and debility in the treated patients. There were no complicating 
intercurrent infections, and the basic inflammatory process did not appear to 
be adversely influenced. 

It is our opinion that hormone therapy, while not curative, represents the 
best available form of symptomatic treatment in severe Reiter’s syndrome. 









EVALUATION OF NASAL EOSINOPHILS IN PEDIATRIC 
HEALTH APPRAISALS 


D6. 







GEORGE 8. FRAUENBERGER, M.D., Evanston, ILL. 


(INTRODUCED BY THERON G. RANDOLPH, M.D.) 










Eosinophil nasal smear determinations were performed routinely in a 
pediatric practice during a two-year period for the purpose of objectively 
establishing the existence of clinical allergic manifestations. These observa- 
tions were made during the course of routine health appraisals. Findings 
were correlated with routine health appraisals, in which growth was evaluated 
by comparing the rate of growth of five standard measurements in terms of 
their percentile deviations. Additional nasal smear determinations were made 
intermittently on parents. 

Nasal mucus for the preparation of thick smears was obtained by means 
of inserting a tissue taper in the floor of each nasal cavity. Hansel’s Giemsa 
technique was employed, using a freshly prepared dilution of the stain each 
day. 

As the seasonal variation in the percentage of eosinophils in the nasal 
smears of both children and parents were similar, these data will be presented 
in totals for the entire group. The percentage of positive smears was lowest 
in July (39.2) and highest in January (73.3), with graded variations existing 
between these two extremes. Of the total of 2,269 determinations, 59.5 per 
cent were positive for eosinophils. 

In those instances in which nasal smears were consistently negative, 
growth proceeded normally with relatively few interruptions from infectious 
processes or other illnesses. Those children with the greatest percentage of 
nasal eosinophils exhibited the poorest growth. There was no consistent rela- 
tionship between the nasal eosinophils of the children and those of parents 
with the exception that high eosinophil values in parents correlated with 
highly positive nasal eosinophil findings in their offspring. One unanticipated 
aspect of this study was the fact that a high percentage of eosinophils in new- 
born infants served as an aid in indueing mothers to breast feed their babies. 
In general, eosinophils in the nose disappear during infections, returning as an 
indication of recovery; this emphasizes the desirability of making repeated 
nasal smears per patient rather than depending upon a single observation. 

Sufficient information accrued from this study to warrant the continuation 
of periodie nasal eosinophil determinations as a part of routine pediatric¢ 
health appraisals. 
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PROTEIN DIGESTION STUDIES IN PATIENTS WITH 
PANCREATIC DISEASE USING [?*?-LABELED 
HUMAN SERUM ALBUMIN 





Rosert J. FREEARK, M.D. (By Invitation), AND DonaLp D. Kozouu, M.S., M.D., 
CuHicaGo, ILL. 





Previous studies have shown that impaired protein digestion in persons 
with marked pancreatic insufficiency may be determined by measuring blood 
levels of isotope following a test meal utilizing iodinated**!-labeled protein 
(IHSA). The present study is concerned with the practical application of this 
test in the study of patients with various forms of pancreatic disease as en- 
countered in a large general hospital. 

The methods of the test have been previously described. A meal, con- 
sisting of gelatin, iodinated **' human serum albumin and distilled water, is 
given to patients fasted for twelve hours. Venous blood samples were obtained 
at hourly intervals and assayed by means of a well type scintillation counter 
for radioactivity. The results are expressed as percentage of ingested isotope 
present in estimated total blood volume. Although peak levels of concen- 
tration were usually obtained at two hours, blood specimens were collected 
beyond this point to ensure correct appraisal of protein absorption. 

Among the pancreatic diseases studied were acute, subacute and chronic 
relapsing pancreatitis (20 cases), carcinoma of head of the pancreas (6 cases), 
carcinoma of the body and tail of the pancreas (4 cases), carcinoma of the 







ampulla of Vater (3 cases), pancreatolithiasis (5 cases), and subtotal pan- 

ereatic resection (1 ease). In addition, nonpancreatie obstructive jaundice 

: (8 eases) and chronic diarrheas other than pancreatic in origin (6 cases) were 
included. 

5 The use of an I**!-labeled protein digestion study in patients suspected of 

1 pancreatic disease has limited but definite practical value. Localized disease 

1 of the pancreas without proximal pancreatic duct obstruction gave blood iso- 
tope concentrations similar to controls. In patients with chronic diarrhea 

1 panereatie insufficiency can be ruled out on the basis of this test but the iso- 

il tope curves are not diagnostic. Pancreatitis in the acute, subacute, and chronic 

+ forms, when the latter is not associated with diarrhea, is not characterized 

9 by abnormal protein digestion as measured by this test. In eases of obstruc- 

Yr tive jaundice associated with pancreatic duct obstruction, the preoperative 
localization of the offending mechanism in the head of the pancreas is possible 

' by means of this test. 

1S 7 : _ : pore : ; 

yf 58. ACQUIRED CIRCULATING ANTICOAGULANTS IN SYSTEMIC 

a- ‘“COLLAGEN DISEASE’’ 

ts 

h Report oF THREE CASES WITH ONE INSTANCE OF TRANSPLACENTAL TRANSFER OF 

2d THE ANTICOAGULANT 

V- 

49, Pau. G. Frick, M.D., MINNEAPOLIS, MINN. 

an 

a (INTRODUCED By C. J. Watson, M.D.) 

” Two patients with disseminated lupus erythematosus and one patient with 

on systemic manifestations secondary to a drug reaction were found to have a 

ric 


coagulation defect caused by a circulating anticoagulant. Studies of hemo- 
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stasis revealed a prolongation of the clotting time, prothrombin time, and re- 
calcification time. The consumption of prothrombin was markedly impaired. 
The bleeding time was prolonged in only one ease. Platelets, fibrinogen con- 
centration, and clot retraction were normal. Mild hypoprothrombinemia was 
observed in all cases when tested with the two-stage method. It was demon- 
strated that the anticoagulant probably inhibited thromboplastin. The in- 
hibitor was not heparin. It resisted heating at 60° C. for 30 minutes, was not 
dialyzable, and could not be absorbed on BaSQ,. 

In all three cases the anticoagulant was associated with a false positive 
blood Wassermann reaction and a 4+ ecephalin cholesterol flocculation. The 
newborn baby of one patient with lupus erythematosus disseminatus was found 
to have the anticoagulant for 7 weeks; the baby also had a false positive 
serology and an abnormal cephalin cholesterol flocculation for 6 months after 
birth. The transplacental transfer of the anticoagulant and its association 
with other manifestations of antigen-antibody reactions strongly suggests that 
the mechanism of its development is immunologic in type. 


d9. 2-HYDROXYSTILBAMIDINE IN THE THERAPY OF 
SPOROTRICHOSIS 


JosEPH E. Geraci, M.D. (By Invitation), JouHN A. ULRIcH, PH.D. (By 
INVITATION), THomAS J. Dry, M.B., LyLE A. WEEp, M.D. (By 
INVITATION), GEORGE P. Sayre, M.D. (By Invitation), 


AND CoLLIN 8. MacCarty, M.D. (By Invitation), 
ROCHESTER, MINN. 


A 60-year-old man was seen with the rare syndrome of generalized (vis- 
ceral) sporotrichosis including involvement of the cerebrum and spinal cord. 
For 17 years the patient had been employed in a cement, tile, and clay products 
eompany, a job associated with much dust and contact with many imported 
elays. Diagnosis was established by culture of Sporotrichum schenckii from 
one of the many subeutaneous nodules. The patient was treated with 200 to 
250 mg. of 2-hydroxystilbamidine daily for a period of 32 days. The develop- 
ment of allergic sensitivity to the medication precluded its further use. At- 
tempts to readminister the drug in solution with an antihistaminiec resulted in 
an anaphylactic shocklike picture. With 2-hydroxystilbamidine therapy both 
subjective and objective improvement occurred and persisted for some 2 weeks 
after the use of the drug was discontinued. When 2-hydroxystilbamidine 
eould not be administered any longer, the patient was treated with iodides, 
the daily dose being increased to tolerance. The patient, however, deteriorated 
and died after 107 days of observation and treatment at the clinic and after 
approximately 150 days of active disease. Extensive post-mortem studies were 
carried out and will be reported. 

In vitro and in vivo studies with the strain of Sporotrichum schenckii iso- 
lated from the patient were carried out. Suspensions of the organism were 
made and injected into mice intraperitoneally. Treatment with 2-hydroxy- 
stilbamidine was started 48 hours after inoculation. One milligram of the 
drug per day was injected intraperitoneally for a period of 14 days. The mice 
were examined by slide preparations and by culture. The proper organism 
and drug controls in mice were carried out. 
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60. THE HEMODYNAMICS OF SHOCK DUE TO INFECTION 


Rosert P, GitBert, M.D., Kuaas P. Honie, M.D., BeERNarp H. AvELSoN, M.D., 
JosEPH A. GRIFFIN, M.D., AND RoBERT BECKER, M.D., Cuicaco, ILL. 


(INTRODUCED By CRAIG W. BorpEN, M.D.) 


Shock due to infection is of clinical importance since it may become re- 
sistant to treatment. It has also been considered as a reason for hemorrhagic 
shock to become irreversible. The blood volume has been shown to be normal 
in this condition, but few determinations of the cardiae output have been re- 
ported. 

Five patients with shock due to infection were studied. Bacteremia was 
proved in four cases: Pneumococci were isolated in two, meningococci in the 
third and F. coli in the tourth, The fifth case was one of severe pneumonia 
from which a blood culture was not drawn. The dye-dilution technique for 
eardiae output was used in four cases and the direct Fick principle in the fifth. 
The arterial pressure was recorded directly from the femoral artery. The 
average arterial pressure was 82/53 mm. Hg with an average mean pressure 
of 63 mm. Hg. In four cases the cardiae index averaged 3.6 L./min. M? (Range 
3.0 to 4.2 L./min. M?). Although height and weight figures were not obtained 
in the fifth patient, the cardiac output was 3.9 L./min. so the cardiae index 
was presumably below normal. The average total peripheral resistance was 
accordingly reduced. The dye circulation times were normal or slightly pro- 
longed in the four cases measured. 

The action of norepinephrine was investigated in four eases. The arterial 
pressure and total peripheral resistance increased in all cases and the eardiae 
output fell slightly in three instances. Concentrated serum albumin (12.5 Gm.) 
was infused in the fifth case of this series and was followed by an increase of 
eardiae output from 3.9 to 4.6 L./min. and a 320 ml. rise of plasma volume, 
but no change in hematocrit. 

It is apparent that the hypotension of septic shock may be associated with 
a cardiac index within the usual normal limits. The total peripheral resistance 
was reduced, presumably as a result of vasodilatation. Norepinephrine in- 
fusion was followed by an arterial pressure rise but no increase of cardiac 
output. 


61. ASSAY OF PLASMA PROTHROMBIN WITH A SYNTHETIC 
SUBSTRATE: ITS COMPARISON WITH STANDARD 
METHODS OF PROTHROMBIN ASSAY 


HELEN I. GuuEcK, M.D., ANp Sou SHErRy, M.D., CINCINNATI, OHIO 


It has been demonstrated that thrombin enzymatically hydrolyzes arginine 
esters. A substituted arginine ester, toluenesulfonyl-l-arginine methyl ester 
(TAMe) has been found particularly suitable for the measurement of thrombin, 
and has been utilized in the development of a quantitative assay for plasma 
prothrombin. The TAMe assay measures the actual prothrombin in the plasma, 
since it measures prothrombin in terms of yield, rather than time. One TAMe 
unit approximates one National Institute of Health clotting unit. 

Observations on a series of adults reveal that normal human plasma con- 
tains 538 + 4 TAMe units of prothrombin per milliliter, with little daily varia- 
tion. No instanee of hyperprothrombinemia has been observed in patients 
with thromboembolic disease. In animals exhibiting rapid prothrombin times, 
the prothrombin concentration as measured by TAMe is comparable to that 
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observed in human beings, suggesting that rapid prothrombin time in animals 
is due to accelerator factors rather than an elevated prothrombin concentra- 
tion. 

The TAMe assay shows that in Ac-globulin (labile factor) deficient human 
plasma, the rate of activation of prothrombin is delayed, but the final yield 
of thrombin is eventually complete, whereas with conventional techniques a 
normal thrombin yield is not obtained. 

When the plasma prothrombin time of dicumarolized patients and ani- 
mals is measured simultaneously by the TAMe, one- and two-stage assays, 
close correlation is observed between the TAMe and two-stage methods. By 
contrast, the prothrombin time as measured by the one-stage assay, falls more 
rapidly with dicumarol therapy and rises more rapidly on discontinuing the 
drug. When dicumarolized animals and patients are given vitamin K, (Me- 
phyton) the one-stage method shows a more rapid rise in prothrombin time 
than does the TAMe assay. These observations suggest that in addition to 
their effect on prothrombin, dicumarol and vitamin K, affect a plasma factor 
which accelerates the one-stage assay. This accelerator is more sensitive to the 
effect of dicumarol and vitamin K, than prothrombin itself. The addition of 
Ac-globulin to dicumarolized plasmas, however, does not alter the differences 
between the TAMe and one-stage assays. 

These experiments exemplify the utility of a synthetic substrate for pro- 
thrombin assay. 


GLUTAMIC ACID IN THE TREATMENT OF HEPATIC COMA 


RosBert GotpBLoom, M.D. (By Invitation), SAMUEL Hyman, M.D. 
(By INVITATION), AND FREDERICK STEIGMANN, M.D., Cuicaao, ILL. 


62. 






Recent reports in the British literature on the successful treatment of 
hepatic coma with glutamic acid raised the hope that at last an agent had been 
found which might alter the fatal course of this condition. We, therefore, 
decided to test the value of this amino acid in the treatment of hepatic coma 
in some of these cases admitted to the Cook County Hospital. 

Ten patients who had been in hepatic coma resulting from cirrhosis of 
the liver for from six hours to several days were given daily a 20 per cent 
solution of sodium glutamate in a buffered diluent. One hundred milliliters 
of the sodium glutamate was added to 1,000 ml. of 5 per cent glucose in dis- 
tilled water, and this mixture was given by slow intravenous infusion. ~Some 
patients who were critically ill were given 3 liters of this mixture in a twenty- 
four-hour period. 

Our results with glutamic acid in the treatment of hepatic coma were 
extremely poor. Two patients who were in coma cleared slightly and appeared 
improved initially, only to die two days later, following massive hematemeses. 
Two patients treated with glutamic acid remain well at the time of this re- 
port. One of these patients had been in coma six hours prior to the use of 
glutamic acid while the other had been comatose for about twenty-four hours. 
The remaining six patients died while under active treatment with glutamic 
acid without regaining consciousness. Any improvement noted appeared 
within six to twelve hours after start of the treatment in contrast to the pa- 
tients reported in the British literature, who showed dramatic improvement 
three to four hours after starting the infusion of glutamic acid. 

These results seem to indicate that glutamic acid, which plays a role in 
the metabolism of ammonia, raised the level of consciousness in patients with 
liver disease who were lethargic or on the verge of going into hepatie coma, 
but was of little benefit in our patients, comatose for several days. 
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63. CLINICAL INVESTIGATIONS IN PATIENTS WITH 
AGAMMAGLOBULINEMIA 


Rosert A. Goon, Pu.D., M.D., MINNEAPOLIS, MINN. 


During the past year we have studied seven patients with agammaglob- 
ulinemia. Two were adults having the acquired disease and five were children 
suffering from the congenital form. Our observations support the contention 
that congenital agammaglobulinemia is an inborn error of metabolism trans- 
mitted as a sex-linked recessive trait. The clinical syndrome observed was 
featured by extreme susceptibility to infection, each of the patients studied 
having had many severe bacterial infections. 

Recognition and demonstration that patients with agammaglobulinemia 
have a complete or virtually complete ‘‘paralysis’’ of the immunologic mech- 
anism permits incisive investigation of many immunologic problems. Our in- 
quiry into a number of the latter provides the basis of this report. 

Comparison of hematopoietic tissues in patients with agammaglobulin- 
emia with those of normal children and adults revealed, in agammaglobulin- 
emia, a relative deficiency of lymphoid cells and a virtual absence of plasma 
cells. Employing serial aspiration biopsies of the bone marrow and surgical 
biopsy of draining regional lymph nodes the morphologic response to antigenic 
stimulation of normal children, normal adults, and patients with agamma- 
globulinemia was compared. Whereas the normal subjects all reacted with 
plasmacytosis, more striking during the secondary response, patients with 
agammaglobulinemia produced neither plasma cells nor antibody in response 
to initial and secondary contact with antigen. 

Additional studies have established the following points: (a) Skin and 
systemic reaction regularly occur in agammaglobulinemie patients following 
injection of gram-negative bacterial endotoxins. (b) Refractoriness to effects 
of gram-negative bacterial endotoxin develops in patients with agammaglob- 
ulinemia in spite of their inability to produce demonstrable cireulating anti- 
body. (e¢) Acute-phase proteins (c-reactive protein, mucoprotein) are pro- 
duced in patients with agammaglobulinemia in response to appropriate stimu- 
lation, an observation which tends to dissociate these events from antibody 
production in man. (d) Homotransplantation of skin has been successful in 
a child with agammaglobulinemia. (e) Bacterial type hypersensitivity against 
streptokinase-streptodornase is lacking in patients with agammaglobulinemia 
and present in 80 per cent of normal persons. Transmission of bacterial type 
hypersensitivity to streptokinase-streptodornase but failure of agglutinin for- 
mation in agammaglobulinemia upon injection of viable white blood cells from 
persons hypersensitive to streptokinase-streptodornase who were forming anti- 
body against typhoid organisms has been observed. 


64. INACTIVATION OF SALT-RETAINING HORMONE BY LIVER 
EpGar 8. Gorpon, M.D., Mapison, Wis. 


The liver is known to metabolize many steroid compounds, including estro- 
gens, androgens and adrenal cortical hormones with resulting alteration in 
their biological potencies. The association of demonstrable liver functional 
impairment in human subjects with ascites and edema who excrete pathologi- 
cally large amounts of salt-retaining hormone in the urine suggested, as a pos- 
sible underlying mechanism, a failure of normal liver inactivation of mineralo- 
corticoid compounds of adrenal origin. This probability is substantiated by 
our inability to produce these high titers in urine in normal subjects through 
intense adrenal stimulation with ACTH. 
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Surviving rat liver slices have been incubated in Warburg flasks, both 
aerobically and anaerobically, with active sodium-retaining extracts obtained 
from twenty-four-hour urine collections from patients with cirrhosis of the 
liver and ascites. After 90 to 120 minutes, contents of the flasks were re-ex- 
tracted and reassayed for sodium-retaining activity. 

Actively respiring liver slices consistently destroy 90 to 100 per cent of 
sodium-retaining activity and anaerobic conditions significantly impair this 
capacity. Boiled liver slices produce no inactivation. Kidney slices; though 
actively respiring, have very little effect. Slices of normal human liver ob- 
tained at biopsy behave exactly like the rat tissues. 

Tentative evidence is thus provided which suggests that sodium retention 
in several pathologie conditions results from a failure of a specific liver funce- 
tion. Accumulation of sodium-retaining hormone so produced is believed to 
be responsible, in part at least, for the accompanying fluid-retention character- 
istic of these diseases. The steroid compound involved is thought to be aldos- 
terone or a derivative of it. 












THE PATHOGENESIS AND PATHOLOGY OF EXPERIMENTAL 
HISTOPLASMOSIS INFECTIONS IN MICE 


65. 







J. THoMAS GRAySTON, M.D., AND PHitie ALTMAN, M.S., Cuicaco, IL. 






(INTRODUCED By CLAYTON G. Loos, M.D.) 










In this study 3- to 4-week- and 8- to 16-week-old CF'W strain of white mice 
were employed. Routes of inoculation were intranasal (under light anes- 
thesia), intraperitoneal, and oral (in drinking water). The inoculum consisted 
of suspensions of mycelial phase histoplasma with a measured number of viable 
spores determined by comparison of hemocytometer spore counts and the num- 
ber of colonies growing on blood agar plates. Mice were sacrificed at intervals 
after inoculation for cultural and pathologie studies of the lung, liver, and 
spleen. Mortality data were obtained from a separate series of experiments 
in which spontaneous deaths were recorded over thirteen to fifteen months of 
observation. 

Mice proved to be extremely resistant to the oral route of inoculation as no 
infections were demonstrated by culture after ingestion of 100,000 spores. 
Forty per cent of mice given 10,000,000 spores orally were culturally positive. 
When mice were inoculated with 100 or more spores intranasally or intraperi- 
toneally over 90 per cent became infected, while after 10 spores approximately 
50 per cent became infected. Infected mice surviving up to fifteen months 
still showed positive cultures. 

There’ was somewhat greater survival in intranasally infected mice given 
ten spores (19 per cent) compared with 1,000 and 100,000 spore groups (9 and 
6 per cent, respectively). However, in all three groups the mortality pattern 
was similar with 40 to 50 per cent of the deaths occurring during the fourth 
and fifth months after inoculation and another 30 to 35 per cent being observed 
in the combined third, sixth, seventh, and eighth months. Similar patterns 
were found for both young and old mice and after intraperitoneal inocula- 
tion. 

Lung lesions observed one week after intranasal inoculation failed to pro- 
gress, but showed granulomatous organization during the first month and 
resolution and disappearance by two to four months. In the liver and spleen 
following intranasal or intraperitoneal infection small collections of round 
cells were observed by two weeks. These granuloma continued to enlarge 
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and coalesce. Multinucleated giant cells loaded with H. capsulatum appeared 
between one and two months. By four to eight months the lesions frequently 
replaced most of the liver parenchyma. 


66. CLINICAL EVALUATION OF ANALGESICS 
CHARLES M. GRUBER, JR., M.D., INDIANAPOLIS, IND. 
(INTRODUCED By K. G. KoHustTAEpt, M.D.) 


In five midwestern hospitals, a new analgesic, 1,2’-diphenyl-2’-propionoxy- 
3’-methy1-4’-dimethylaminobutane (Compound 16298, Lilly), was compared to 
codeine phosphate and acetylsalicylic acid in blind tests. Capsules, identical 
in appearance, containing 50 mg. of Compound 16298, 32.5 mg. of codeine phos- 
phate, 325 mg. of acetylsalicylic acid, or placebo powder were administered 
every 4 hours to patients with chronic pain. Either of two doses (1 or 2 eap- 
sules) was given for a period of 16 days before a switch was made. <A ‘‘treat- 
ment series’’ lasted for 4 consecutive days. During this time a different one 
of each of the four drugs was given each day, at the same dosage level, but in 
randomized fashion. No other medication or manipulation was allowed during 
this period. The degree of pain was recorded by an observer who did not know 
the type of medication given. The pain score was defined as the sum of 
products obtained by multiplying the hours of severe pain by 3, the hours of 
moderate pain by 2, and the hours of slight pain by 1. 

The only data selected for statistical anaylsis were from patients who re- 
ceived at least 3 complete series at each dose level, who reported less than 20 
per cent days with no pain, and who had a greater total pain score with placebo 
than with codeine phosphate or acetylsalicylic acid therapy. Of 84 patients 
sereened, only 13 met these requirements. These 13 patients had received 616 
days of unbroken therapy. 

Analysis of the data indicates that Compound 16298, as well as the two 
control drugs, showed analgesic activity. Although with all three drugs pa- 
tients experienced greater pain relief at the higher dose level, they were un- 
able to distinguish between the different drugs. 

The best estimates of relative potency obtained from this experiment indi- 
cate that 80 mg. of Compound 16298, Lilly, is equivalent to 325 mg. of acetyl- 
salicylic acid; 50 mg. of Compound 16298 is equivalent to 32.5 mg. of codeine 
phosphate. 


67. EFFECT OF HYPOTENSION DUE TO SPINAL ANESTHESIA ON 
CORONARY BLOOD FLOW AND MYOCARDIAL METABOLISM 
IN MAN 


DonaLp B. Hacken, M.D., SatvatToreE M. Sancerra, M.D., AND 
JEROME KLEINERMAN, M.D., CLEVELAND, OHIO 


(InrRopUCED By Roy W. Scort, M.D.) 


Hypotension has been feared as a potential hazard to the human heart 
during spinal anesthesia. Any deleterious effects should depend upon a pos- 
sible undue restriction of coronary flow by the hypotension, out of proportion 
to any decrease in myocardial oxygen demand at the diminished level of 
cardiae work. The present studies employ the method of coronary sinus cath- 
eterization to determine the effects of arterial hypotension due to spinal anes- 
thesia on coronary blood flow and oxygen metabolism of the heart. 

















J. Lab. & Clin. Med. 


CENTRAL SOCIETY FOR CLINICAL RESEARCH 
November, 1954 


806 





The coronary sinus of 12 patients was catheterized, and control measure- 
ments were made of coronary blood flow (N20 method) and myocardial oxygen 
extraction. Six patients were then given spinal anesthesia and the measure- 
ments were repeated. The level of anesthesia was ‘‘high’’ (above T4) in 4, 
and ‘‘low’’ in 2 patients, but all 6 patients showed a marked drop in intra- 
arterial blood pressure. The other 6 patients served as ‘‘double controls’’ 
to determine the variations between the two sets of observations without the 
production of hypotension. 

In all patients given spinal anesthesia there was a drop in coronary flow 
parallel to the drop in mean arterial blood pressure. Nevertheless, 5 of the 6 
patients showed little change, or an actual increase, in coronary sinus oxygen 
content. The myocardial oxygen extraction of coefficient (A-V/A) was there- 
fore unchanged or decreased. This indicates that myocardial oxygenation was 
adequate for the decreased work load. The sixth patient in this series had a 
sudden blood pressure drop during the sampling period following the induc- 
tion of spinal anesthesia. He showed an increased myocardial oxygen ex- 
traction coefficient and transient electrocardiographie subendocardial ischemic 
changes. 

A striking contrast exists between these findings and observations during 
hemorrhagic shock in dogs. In both groups the blood pressure was comparably 
reduced, but in the dogs in hemorrhagic shock coronary flow and myocardial 
oxygen extraction were maintained at a relatively high level. In addition, 
the myocardial oxygen extraction coefficient was increased, indicating relative 
coronary insufficiency. 




























68. RELATIVE PLASMA CONCENTRATION OF TETRAZOLIUM AND 
PHENYLHYDRAZINE REACTING STEROIDS IN HEALTHY AND 
DISEASED ADULT HUMAN SUBJECTS 









Harry W. HarGcemerer, M.D. (By Invitation), SmitH FREEMAN, M.D., PuH.D., 
AND Mrs. JOANNA X. WHEELER, B.S. (By Invitation), Cutcaco, IL. 











Plasma from normal subjects that is extracted, washed, concentrated, and 
chromatogramed gives fairly constant values when color is developed on 
aliquots of eluate by means of the tetrazolium or phenylhydrazine reagents. 
In normal subjects reduction of tetrazolium usually corresponds to 30 to 40 
gamma of compound F per 100 ml. of plasma. The reaction with pheny!l- 
hydrazine has given normal values equivalent to 60 to 70 per cent of those 
obtained by the tetrazolium method. This ratio is quite constant in the normal 
fasting subject. 

Determinations of this ratio in various disease states indicate that the per 
cent of phenylhydrazine reacting steroids was consistently reduced in indi- 
viduals with hypoadrenal, hypopituitary, and hypothyroid function; also in 
patients with cor pulmonale, as well as in subjects with manifestations of acute 
schizophrenia. This ratio was found to be within the normal range in patients 
with duodenal ulcer, diabetes mellitus, rheumatoid arthritis, and in one in- 
stance of Cushing’s syndrome. A low total reducing steroids and a low pro- 
portion for those reacting with phenylhydrazine usually occur together and 
may be temporarily increased by stimulating the adrenal gland with ACTH. 
Administration of 100 mg. of cortisone orally to fasting subjects will also 
temporarily increase the fraction reacting with phenylhydrazine. Ordinarily, 
the ratio returns to the initial value within four hours. It is evident from 
studies on various clinical and experimental states that some of the substances 
reacting with both reagents are not adrenal in origin. 
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69. FECAL UROBILINOGEN EXCRETION IN HEMOLYTIC ANEMIA: 
COMPARISON WITH RESULTS OF AVERAGE RED CELL LIFE 
DETERMINED BY RADIOCHROMIUM RED CELL TAGGING 


Pav 8. Hacen, M.D., ANp Ros—E M. MacDona.p, B.S., MINNEAPOLIS, MINN. 
(INTRODUCED By C. J. Watson, M.D.) 


Until the advent of red cell tracer methods, fecal urobilinogen excretion 
was the only practical measurement of the rate of red cell destruction in hemo- 
lytic anemias. However, it has been generally appreciated that really quan- 
titative results were not obtained because of certain variables in fecal uro- 
bilinogen excretion. Further doubt has been raised by glycine-N* studies 
which have shown that there are sources of bile pigment other than the hemo- 
globin of adult circulating red cells. The present study compared the per 
diem fecal urobilinogen excretion measured in four-day stool collections with 
the urobilinogen potentially available from the daily destruction of circulating 
red cells. The potential urobilinogen was caleulated from the average circu- 
lating hemoglobin mass and the average life of the red cells. Radiochromium- 
labeled red cells were used to measure the average red cell life. An aliquot of 
the patient’s blood was incubated in vitro with Na.Cr*40, solution and re- 
injected into the patient. The radioactivity of sequential blood samples was 
measured in a well-type scintillation counter. 

Fecal urobilinogen ‘‘recovery’’ (observed fecal urobilinogen/potential 
urobilinogen x 100) figures were as follows: four patients with acquired hemo- 
lytic anemia, 79, 87, 51, and 56 per cent (after splenectomy the figure for the 
last patient was 57 per cent) ; in one patient with paroxysmal nocturnal hemo- 
globinuria, 41 per cent; in two patients-with hemoglobin-C disease, 90 and 
105 per cent; in two patients with hereditary spherocytosis, 113 and 57 per 
cent. The last figure was obtained twenty-one months after a twenty-five-day 
course of oxytetracyeline. Comparison with fecal urobilinogen excretion be- 
fore the antibiotic gave a ‘‘recovery’’ of 113 per cent. The patient was in the 
same clinical state during both periods of study. In marked contrast to the 
hemolytic anemia patients, one patient with pernicious anemia in severe re- 
lapse had a fecal urobilinogen ‘‘recovery’’ of 675 per cent. 

These comparative studies showed that in hemolytic anemia there was a 
reasonable correlation between fecal urobilinogen excretion and the rate of 
destruction of circulating red cells. These studies confirm the clinical use- 
fulness of feeal urobilinogen in the diagnosis of hemolytic anemia. 


70. INFLUENCE OF SMALL DOSES OF ANTIBIOTICS ON THE 
WEIGHT BEHAVIOR OF YOUNG MALES 


THomAS H. Haticut, M.D., Anp WiLLArRD E. Pierce, GREAT LAKEs, ILL. 
(INTRODUCED By CLAYTON G. Loosti, M.D.) 


During a study on the effects of antibiotic prophylaxis upon the immune 
response, serial measurements were also made of the nude weight of the Navy 
recruits being observed. These 330 subjects had been selected upon their 
arrival, carefully interviewed, and assigned at random to one of three treat- 
ment groups. For seven weeks each man received once daily an identical- 
appearing capsule which contained one of the following preparations: (1) 
250 mg. of chlortetracyecline (Aureomycin); (2) 100,000 units of buffered 
procaine penicillin; or (3) a placebo. All subjects were weighed initially and 
again four and seven weeks later. The relative body weights (actual weight 
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expressed as the per cent of a standard weight for the age and height) were 
also caleulated. The individual and group changes in actual and relative 
body weight were tabulated, and it was found that a highly significant differ- 
ence existed between the weight gain in the antibiotic groups and the placebo 
group (P < 0.05). Those who had received either antibiotic had about equal 
average total gains (Aureomycin group 4.8 pounds, penicillin group 4.1 
pounds), but greater average gains than those who received the placebos 
(2.7 pounds). 

Because this observation was unexpected, a further controlled experiment 
was conducted. The populations and methods were identical to the first study, 
except that no capsules were administered. Also, whereas the first study had 
been conducted during the winter, the second was during the late spring and 
early summer. Serial nude weights were recorded for three artificially ran- 
domized groups, and it was apparent that there were no group-to-group dif- 
ferences, either in actual or relative body weight changes (average total gain: 
Group 1, 0.7 pound; Group 2, -0.2 pound; Group 3, 1.2 pounds). It was felt 
that this experiment established that the group-to-group differences during 
the period of antibiotic prophylaxis were not likely to be due to chance alone. 

These findings are of great interest in view of the known specific nutri- 
tional effects of the antibiotics in children and animals, but it was surprising 
to find that young males in a final slow phase of growth might have their 
weight behavior influenced by administration of small doses of either of two 
antibiotics for seven weeks. These observations are preliminary, and it is 
suggested that further experiments be conducted along these lines. 





































71. STUDIES IN THE MODE OF ACTION OF ANTIBIOTICS IN 
3ACTERIAL ENDOCARDITIS: AN INVESTIGATION OF THE 
TIME REQUIRED FOR PENICILLIN TO KILL STREPTOCOCCI 
FROM PATIENTS TREATED SUCCESSFULLY AND 
PATIENTS WHO RELAPSED 
Morton HamBurcGer, M.D., anp JupITH CARLETON (By INvITATION 
CINCINNATI, OHIO 









The reason why certain patients infected with penicillin-sensitive Strep- 
tococcus viridans can be successfully treated by a given dose of penicillin 
whereas other patients relapse foliowing the use of the same treatment regi- 
men has never been explained. The minimal inhibiting concentration of peni- 
eillin, as determined by conventional serial dilution tests, lies within the same 
1arrow range for strains from both types of patients. However, the work 
of Eagle, Hunter, and others has suggested the possibility that the actual 
time required for penicillin to produce its bactericidal action may be longer 
for streptococci from patients who relapsed than for strains from patients 
who were successfully treated. 

In order to test this possibility, the bactericidal rate of penicillin was 
measured against 5 strains of penicillin-sensitive Streptococcus viridans from 
patients who were successfully treated and against 5 strains from 3 patients 
who relapsed one or more times. Large, medium, and small numbers of bac- 
teria were inoculated into separate flasks containing no penicillin, 50 yg per 
milliliter, 2 »g per milliliter, 0.5 »g per milliliter, and 0.05 pg per milliliter. 
The flasks were incubated at 37° C. Aliquots were removed at the end of 
ach twenty-four hours and subeultures made, using pour plates and broth 
cultures. Subeultures were made daily until the flasks were sterile. 

The results demonstrated no difference between the penicillin killing times 
for the ‘‘relapse’’ strains and ‘‘nonrelapse’’ strains. Furthermore, the time 
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required to sterilize a given culture was the same at the higher as at the lower 
concentrations of penicillin investigated. However, large bacterial inocula 
were killed much more slowly than small ones, regardless of the origin of the 
strain or of the concentration of penicillin. 

It is concluded that differences in penicillin-killing time among strains of 
penicillin-sensitive streptococci are not important in determining the success 
of treatment in bacterial endocarditis, though the number of bacteria present 
in the lesion may be very important indeed. 


72. THE EFFECT OF ACTH ON A HEMOLYTIC MECHANISM IN 
TRICHINOSIS 


Henry E. Haminton, M.D., ELMER L. DeEGowrn, M.D., AND 
RayMonp F. SHEEts, Iowa Crry, Iowa 


A 21-year-old man with a severe illness characterized by diarrhea, peri- 
orbital edema, diplopia, muscle pain and rigidity, high fever, and delirium 
was the subject of this study. Flame shape hemorrhages were noted in the 
eyegrounds and a tic-tae eardiae rhythm was present. The electrocardiogram 
showed changes characteristic of myocardial disease. The eosinophils made 
up 48 per cent of the differential count. The sedimentation rate was slightly 
elevated. A muscle biopsy demonstrated a high concentration of live larvae 
of Trichinella spiralis. The elinieal course was of such violent nature that re- 
covery from the illness was doubtful. On the seventeenth day of illness a 
total of 80 mg. of ACTH was given and continued with varying dosage for 
28 days. A marked improvement of the systemic reaction occurred within 
48 hours and the rectal temperature dropped from 104° to 99.0° F. Recovery 
gradually occurred during the next three months. The reticulocyte count 
remained slightly elevated, the total erythrocyte count varied between 4 mil- 
lions and 5 millions per cubic millimeter, and the eosinophilia persisted dur- 
ing the recovery period. 

A transfusion of biologically tagged erythrocytes was given on the 
sixteenth day of illness and the tagged cells were enumerated thereafter by 
the Ashby technique of differential agglutination. The tagged cells disap- 
peared from the circulation at an accelerated rate during 80 days of observa- 
tion. The random rate of loss of tagged erythrocytes was 0.68 per cent per 
day (DeGowin et al., J. Clin. Invest. 33: 163, 1954). The rate of hemolysis of 
the tagged cells was not altered by ACTH therapy. If it is assumed that the 
patient’s cells were being destroyed at the same rate as the biologically tagged 
cells, then erythropoiesis was increased during the period of illness to main- 
tain a normal erythrocyte level. 

Random destruction of tagged red cells persisted in spite of ACTH 
therapy in a patient seriously ill with trichinosis. ACTH, however, did change 
the course of the disease and in all probability was responsible for recovery. 


73. STUDIES ON THE MECHANISM OF A DRUG-INDUCED 
HEMOLYTIC ANEMIA 
JOHN W. Harris, M.D., CLEVELAND, OHIO 
(INTRODUCED BY CHARLES H. RAMMELKAMP, JR., M.D.) 


An acute hemolytic episode developed in a 24-year-old man, which was 
manifested by rapidly developing anemia, hemoglobinemia, methemalbu- 
minemia, bilirubinemia, hemoglobinuria, reticulocytosis, spherocytosis, and 
increased erythrocyte osmotic and mechanical fragility ; his erythrocytes gave 
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a positive test in a 1:2,048 dilution of Coombs serum. This hemolytic process 
occurred during retreatment of schistosomiasis with Fuadin. 

A factor was demonstrated in the serum of this patient that strongly 
agglutinated his own or normal erythrocytes; it was active only when Fuadin 
was present in the reacting system. Normal cells exposed -to this serum be- 
came Coombs positive, but only if Fuadin had been added. The agglutinin 
was nondialysable, not significantly influenced by pH or temperature altera- 
tions; it remained active in heated serum. Other antimony compounds and 
catechol did not activate the agglutinin; however, the addition of sodium 
catechol disulfonate potassium resulted in agglutination demonstrating that 
the entire Fuadin molecule was not necessary. Initially the Fuadin-requiring 
agglutinin was active in a 1:1,024 dilution of the patient’s serum but the titer 
gradually fell to one-sixteenth over a period of sixty days. 

Passive transfer of the agglutinin was effected by administration of 300 
ml. of the patient’s plasma to a hematologically normal recipient. Five days 
after the plasma infusion the recipient was given Fuadin intravenously. Al- 
though hemoglobinemia and bilirubinemia did not develop and the erythro- 
cyte osmotic and mechanical fragilities were not significantly altered, gross 
erythrocyte agglutination did oceur; the recipient’s cells became Coombs posi- 
tive and the titer of circulating agglutinin diminished. It was present for a 
total of twenty-six days in detectable amounts. 

It is believed that this is the first reported instance of acquired hemolytic 
anemia secondary to drug administration in which a serum factor requiring 
the presence of the drug for agglutinating activity has been demonstrated. 








THE VARIED PATTERNS OF WATER AND SODIUM DIURESIS 

DURING ACTH THERAPY OF THE NEPHROTIC SYNDROME 

G. H. Hemorn, M.D. (By Invitation), F. R. Scuemn, M.D., anv 
JOHN A. Layne, M.D., Great Fas, Mont. 


74. 


Nine patients with the nephotic syndrome receiving ACTH were studied 
in metabolic detail. This report is concerned only with the water and sodium 
balance aspects of their study. Seven of these nine responded well to therapy 
even though the dosage of ACTH used was lower than those usually recom- 
mended. Estimated weight gain or loss was calculated from sodium balance 
data. Estimated weight changes were then compared to actual weight changes 
before, during, and after ACTH administration. 

Varied patterns of water and sodium diuresis were observed. Spon- 
taneous weight loss began during ACTH administration in three patients. 
There was a weight gain during ACTH therapy and a weight loss following 
its discontinuance in two other patients. The remaining patients diuresed 
during and after ACTH with the aid of mercurial diuretics. Spontaneous 
diuresis of water in excess to sodium occurred in two patients while receiving 
ACTH. One patient exerted sodium in excess to water during this period. 
The two patients who gained weight during hormone therapy retained water 
in excess to sodium. Diuresis following the discontinuance of ACTH con- 
sisted of sodium in excess to water (three patients), water in marked excess 
to sodium (one patient following the onset of menstruation), and proportionate 
amounts of water and sodium (one patient). 

In addition, rena] tubular sensitivity to mercurial diuretics is often re- 
gained during and after the administration of ACTH. The qualitative effect 
of mereurials likewise is altered by this hormone. Water diuresis in excess 
to sodium following an injection of mercury was observed before or early in 
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the course of ACTH (three patients) ; whereas, sodium was lost in excess to 
water later in the course or after ACTH was discontinued (three patients). 

The great variability of water and sodium diuresis during ACTH therapy 
is presented to stress the physiologic complexities of this disease; as well as 
recording what might be expected during therapy. The changing pattern of 
mereurial action when ACTH is administered is of practical worth and also 
emphasizes the possible direct effect of ACTH or its hormonal associates from 
the adrenal cortex on renal tubular enzyme systems. 


75. RENAL FUNCTIONAL STATUS IN PATIENTS WITH 
ACROMEGALY 


Ben I. HELLER, M.D., RatpH EUGENE Situ, M.D. (By Invitation), AND 
Ropert [. Lupin, M.D. (By Inviration), MINNEAPOLIS, MINN. 


That the kidneys frequently participate in the viseeromegaly which forms 
an integral part of clinical acromegaly has long been appreciated. In ad- 
dition, the renotrophie action of anterior pituitary extracts has been docu- 
mented in certain animals. 

Renal functional changes associated with anterior pituitary extract ad- 
ministration to dogs have been detailed and somatotrophin has been indicted 
as the responsible factor. These functional changes include doubling of PAH 
clearance and marked increases in inulin clearance and TmPAH after ten to 
fourteen days of growth hormone administration. Data concerning the renal 
funetional status of patients with uncomplicated clinical acromegaly have not 
been published and this study is an effort to define, functionally, this group. 

Studies utilizing the clearance and saturation methods devised by Smith, 
Goldring, Chassis, and co-workers were conducted on five male patients with 
clinically apparent acromegaly. The effective renal plasma flow and maximal 
tubular excretory capacity were measured by the use of para-amino hippurate 
and the glomerular filtration rate was measured by the clearance of inulin. 
Considerable difficulty in obtaining adequate tubular saturation as indicated 
by the load : Tpan ratio was encountered in spite of an increase in both the 
priming dose and sustaining dose of PAH, the latter to 400 mg. per minute. 

The studied group is characterized by augmented renal plasma flows with 
correspondingly greater increases in glomerular filtration rates leading to high 
filtration fractions and, in addition, abnormally high tubular excretory 
capacities. 


76. PROPERDIN: A SPECIFIC HEMOLYTIC FACTOR IN 
PAROXYSMAL NOCTURNAL HEMOGLOBINURIA 


Cart F. Hinz, Jr., M.D. (By Invitation), Wiuu1Am S. JorDAN, JR., M.D., AND 
Louis PrtLEMER, PH.D. (By INVITATION), CLEVELAND, OHIO 


WITH THE TECHNICAL ASSISTANCE OF LiviA BLumM (By INvitTatIon) 


Similarities were pointed out earlier between the inactivation of the third 
component of human complement (C’3) by yeast ceil stroma (zymosan), and 
the hemolysis of erythrocytes from patients with paroxysmal nocturnal hemo- 
globinuria (PNH). Both phenomena are pH and Mg* ion dependent, and 
both require the presence of serum complement although neither requires 
the presence of specific antibody. This similarity was further emphasized by 
the demonstration that stroma from PNH erythrocytes, like zymosan, removes 
C’3 from serum at 37° C. 
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As a necessary factor for the zymosan inactivation of ©’3, Pillemer and his 
colleagues have recently identified and isolated properdin, a new serum 
euglobulin with a molecular weight of about 1,000,000, which is distinct from 
complement and the components of the clotting system. Properdin combines 
with zymosan at 17° C. in the presence of Mg** and complement, and is con- 
cerned with natural immune phenomena. 

The following observations indicate that properdin is also a specifie factor 
in the PNH hemolytie system: (1) normal serum from which properdin has 
been removed at 17° C. by zymosan (RP serum) is completely inactive 
against PNH erythrocytes. This RP serum contains all components of com- 
plement and of the clotting system, and is fully active in specific immune 
hemolytic systems including anti-A and paroxysmal cold hemoglobinuria; 
(2) purified properdin from human, cow, or hog serum restores the hemolytic 
activity of RP serum for PNH erythrocytes although properdin alone is not 
lytic; (5) the PNH lytic activity of serum parallels the properdin titer, and 
sera with no properdin fail to lyse PNH erythrocytes; (4) the augmented 
hemolysis of PNH erythrocytes that is noted on addition of thrombin is pro- 
portional to the amount of properdin contained in thrombin preparations. 

These data indicate that properdin, a normal serum protein, is a specific 
factor in the destruction of the abnormal PNH erythrocyte. It requires Mg** 
and complement for activity, but is separate from both complement and the 
clotting system. 

It is possible that properdin combines with the stroma of PNH erythro- 
cytes, participating in their destruction in a manner analogous to its role as 
a natural immune substance in virus neutralization and bacterial destruction. 


77. THE ACTION OF ALCOHOL ON GASTRIC FUNCTION 


Basi I. HirscuHowi1tz, M.D. (By Invitation), S. W. HARTWELL, JR., M.D. 
(By Invitation), AND H. Marvin Pouuarp, M.D., ANN ARBor, MIcH. 


Because of the almost universal habit of using alcohol as an appetizer, we 
investigated the effects of oral alcohol on gastric function and further in- 
vestigated the mechanism of action of alcohol on the stomach. 

The effects of one to four 40 ml. doses of whiskey orally on gastric secre- 
tion and motility (by balloon-kymography) during a four-hour period was 
determined in eight subjects. There were no effects on motility or volume of 
gastric juice. Acid concentrations were increased in 13 of 22 studies. This 
suggests that apart from the traditional objection, the standard alcohol test 
meal is also unreliable. 

In over 50 studies with intravenous alcohol given in the third half-hour 
of a four-hour gastric analysis, acid production was invariably stimulated 
to at least twice the control levels. There was no significant effect on volume 
or gastric pepsin. Eight per cent alcohol was more effective in stimulating 
acid production than 4 per cent, but no less than 16 per cent, indicating a 
threshold at about the 8 per cent level. 

To determine the site of action of alcohol, 250 ml. of 8 per cent aleohol was 
given intravenously and this reversed the depressant effects of subeutaneous 
hexamethonium given previously, in 7 of 8 studies. Alcohol, therefore, acts 
peripherally. To further define this, intravenous alcohol given one-half hour 
after 1.0 to 1.5 mg. atropine sulfate subcutaneously neither delayed nor re- 
versed the expected depressant effects of the atropine on gastric acid or vol- 
ume. Atropine given after alcohol reversed its stimulant action. Alcohol, 
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therefore, probably acts peripherally at the synaptic Jevel, rather than by any 
histamine-like action, as is at present believed, since the latter would not be 
prevented or reversed to that degree by atropine. 

Simultaneous estimations of blood and gastric aleohol levels showed that 
the peak of blood aleohol concentration was reached at the end of the aleohol 
infusion, while the peak concentration in the gastric juice occurred thirty 
minutes later and was in almost every instance higher than any blood levels. 
This suggests an active excretion of alcohol into the stomach, and this may 
play a part in the pathogenesis of alcoholic gastritis. 


78. A HEMATOCRIT CORRECTION FOR TRAPPING OF PARA- 
AMINOHIPPURIC ACID: ITS USE IN ESTIMATION 
OF RENAL BLOOD FLOW 


MELBA HoLDER, CLYDE SCHOENFELD, AND JAMES SCHIEVE, M.D., 
CoLUMBUS, OHIO 


(INTRODUCED By B. K. WisEMAN, M.D.) 



























In the estimation of effective renal blood flow (ERBF) from effective renal 
plasma flow (ERPF) a correction for the amount of para-aminohippurie acid 
(PAH) remaining in the red cell column of a centrifuged hematocrit is usu- 
ally disregarded. Rarely, a correction of 5 per cent is used, chosen from 
widely varied (2.5-12 per cent) values available from experience, mostly with 
Evans blue dye. This factor can best be determined by using PAH, as the 
critical factor is not the amount of plasma trapped between red cells but the 
amount of PAH remaining. Whether PAH is in trapped plasma or loosely 
attached in or on red cells of the red cell column is inconsequential for es- 
timation of ERBF. 


PAH has been completely recovered from plasma (99+ per cent in each 
of ten samples). It is virtually completely recovered after washing whole 
blood with saline (97+ per cent from six blood samples). These findings are in 
agreement with those reported by Smith. If PAH is attached to red cells 
rather than in a trapped plasma space, the attachment appears a loose one. 


To detect ‘‘trapping’’ of plasma or loss of PAH in the Wintrobe hemato- 
erit, the technique of dilution of known amounts of PAH added to known vol- 
umes of whole blood was used. The dilution of PAH in the plasma of the 
blood sample thereby allowed estimation of a dilution hematocrit. The dilu- 
tion hematoerit was compared to the Wintrobe hematocrit of its paired blood 
sample. Wintrobe hematocrits were centrifuged for at least sixty minutes 
at 3,000 r.p.m. with a radius of 14.5 em. (1,400 RCF). 

The results show the centrifuged hematocrit was consistently higher than 
dilution hematocrit (average 8.8 per cent with a range of 7.4 to 9.9 per cent). 
The Wintrobe hematocrit readings were obtained from ten patients and ranged 
from 29 to 84 per cent. 


It is suggested an 8.8 per cent correction of the Wintrobe hematocrit be 
used in estimation of ERBF. Changes in ERBF in absolute numbers will be 
much greater as the hematocrit increases and will be significantly less in 
anemia. For example, this factor corrects estimated ERPF from 1,143 to 758 
ml. per minute in a patient with secondary polycythemia who had decreased 
ERPF, while in a patient with anemia it changes ERBF from 615 to 601 ml. 
per minute. 
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79. NEUTRAL POLYSACCHARIDE STAIN IN NEEDLE BIOPSY 
SPECIMEN OF THE LIVER 


W. Joreu, M.D., E. M. Scunemer, M.D., anp M. L. CuarxK, M.D., 
OKLAHOMA City, OKLA. 


(INTRODUCED BY Ropert H. Bay.tey, M.D.) 


In twenty-five consecutive needle biopsies of the liver performed on pa- 
tients with various diseases, both hematoxylin and eosin and neutral poly- 
saccharide (glycogen) stains were performed. The polysaccharide stain is 
technically no more difficult than the routine hematoxylin and eosin stain 
and was found to increase the diagnostic value of the biopsy specimen. 
Through the use of this technique, it was possible to determine the glycogen 
content of hepatic cells and to permit an estimate of the degree of hepato- 
cellular dysfunction in several cases where routine hematoxylin and eosin 
stains failed to reveal any abnormality. The presence of glycogen in hepatic 
cell nuclei, which is an abnormal finding, was demonstrated only by this tech- 
nique. Finally, the contrast between nonglycogen and glycogen containing 
cellular material was such that even slight degrees of fibrosis were readily dis- 
cerned by the use of the polysaccharide stain. 

All stains were performed on both aleohol-fixed and formalin-fixed tis- 
sue—thus permitting the polysaccharide stain to serve as an estimate of the 
quantity and stability of the intracellular glycogen. It is felt that the routine 
use of neutral polysaccharide stain in the study of needle biopsy specimens of 
the liver broadens the usefulness of this already valuable diagnostic tech- 
nique. 


80. THE RECORDING OF THE ARTERIAL BLOOD PRESSURE AND 
ARTERIAL CIRCULATION 


Caru A. Jonnson, M.D., Cuicaco, IL. 


These studies were made on a recording oscillometer which makes a timed, 
calibrated optical recording of the pulse wave anywhere in the extremities. 
The physical characteristics of the instrument are: (1) a natural frequency 
of the recording droplet in the range of 100,000; (2) a lag of 0.006 seconds; (3) 
an accurate responsiveness to all human heart rates; (4) a built-in sensitivity 
reduction of 10:1 for adults and 5:1 for infants; (5) an overshoot which is cor- 
rected for by a constant ‘‘K.’’ An artificial arm, constructed for testing the 
accuracy of the oscillometer, by which it is possible to control diastolie¢ pres- 
sure, heart rate, and overshoot will be described. An illustration of an arti- 
ficial pulse wave produced on this instrument comparable to the human pulse 
wave will be shown. The systolic blood pressure was measured by the double 
euff method, and the manner of making this recording will be described and 
illustrated. The diastolic pressure was recorded at a point determined by 
established physical principles for elastic systems, and will be described and 
illustrated. The arterial circulation was recorded on a calibrated recording 
of the pulse wave and is expressed in milliliters per beat or per minute. Data 
will be presented indicating that this figure can be determined with an ac- 
euracy which is thought by the author to be within the range of plus or minus 
3 per cent. The formula developed for correction of overshoot and heart rate 
will be described. A typical recording of the arterial blood pressure above 
the elbow and above the knee, as well as recordings of the arterial circulation 
above the elbow, below the elbow, above the knee, below the knee, and at the 
ankle will be shown on a lantern slide. 
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81. BODY COMPOSITION AND OXYGEN CONSUMPTION OF 
UNDERWEIGHT, NORMAL, AND OVERWEIGHT WOMEN 


Louis C. Jonnston, M.D., Cuicago, IL. 
(INTRODUCED By Forp K. Hick, M.D.) 


Basal oxygen consumption, antipyrine space, and inulin space were deter- 
mined on seventeen normal women whose weight ranged from 40 kg. (87 
pounds) to 186 kg. (410 pounds) or from 60 to 284 per cent of standard weight. 
Antipyrine space (total body water) was determined by the single injection 
technique of Soberman and associates (J. Biol. Chem. 179: 31, 1949) and was 
used to ealeulate the percentage of body fat and lean body mass, i.e., nonfatty 
body weight, by the method of Pace and Rathburn (J. Biol. Chem. 158: 685, 
1945). Inulin space (extracellular water) was measured by the constant in- 
fusion technique of Guadino (Proc. Soe. Exper. Biol. & Med. 68: 507, 1948) 
and with antipyrine space was used to compute cell mass by the method of 
McCance and Widdowson (Proce. Roy. Soe., London sB 138: 115, 1951). Basal 
oxygen consumption was measured at the bedside by a clinical machine. 

The basal oxygen consumption was found to correlate equally well with 
surface area, lean body mass, and cell mass (r = .91, .94, and .92, respectively). 
This similarity of correlations is explained by the high correlation of surface 
area with both lean body mass and cell mass (r = .91 for both). The body 
fat in this series ranged from 7 to 88 kg., or from 17 to 57 per cent of body 
weight. Both the percentage and the weight of fat was found to increase 
with inereases of body weight above standard. However, this increase was 
found to be decremental, or progressively decreasing; per cent fat = —70.0 + 
53.3 log standard weight. Cell mass was found to decrementally decrease ac- 
cording to the formula: per cent cell mass = 118.2 — 36.1 log standard weight. 
Therefore, overweightness of the women in this series is attributed to accumu- 
lation of both fat and cell mass, and the average overweight tissue was found 
to consist of 67 per cent fat, 24 per cent cell mass, and 6 per cent extracellular 
fluid. 

Extracellular fluid was found to ¢orrelate better with total body water 
than with body weight. The percentage of total body water that is extra- 
cellular correlated neither with the degree of overweightness or the percentage 
of fat present. 


82. THE SERUM LIPID PATTERN IN HYPOTHYROIDISM, 
HYPERTHYROIDISM, AND CORONARY 
ARTERY DISEASE 


RicHarp J. JoNES, M.D., Howarp Corpus, M.D. (By INvitaTION), AND 
Louis M. CoHEen, M.D., (By INvitTatiIon), Cruicago, IL. 


Sera from 17 patients with definite hypothyroidism were compared with 
the sera from 25 patients with hyperthyroidism, and 17 patients with coronary 
artery disease or essential familial hypocholesteremie xanthomatosis matched 
with the myxedema group as to sex, serum cholesterol, and age. Each serum 
was analyzed chemically for total lipid, cholesterol, and phospholipid and 
analyzed physically by the heavy density ulfracentrifugal technique of Lewis 
and Page. There was a significant increase in all the lipid fractions, except 
for the alpha lipoprotein, in myxedema as compared to hyperthyroidism. The 
mean beta lipoprotein was increased almost threefold, the chemical fractions 
twofold of that seen in hyperthyroidism. 
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The lipid pattern in myxedema was found to be almost identical to that in 
the matched group with coronary artery disease and comparable hyperlipemia. 
The one exception was a smaller beta lipoprotein concentration for a given 
level of serum cholesterol in the myxedema group. This supplies further evi- 
dence to suggest a different mechanism in the development of hyperlipemia in 
myxedema and in atherosclerosis. 










83. THE SEROLOGIC EPIDEMIOLOGY OF RESPIRATORY AGENTS 
ISOLATED IN HeLa CELL CULTURES 


WIiLuiAM S. JORDAN, JR., M.D., GrorGcE F. Bapcer, M.D. (By Invitation), 
JoHN H. Dinee, M.D., Haroun 8. Grnssperc, M.D., AND SIDNEY KATz, 
M.D. (By INvitaTION), CLEVELAND, OHIO 







Four different types of respiratory agents, presumably viruses, have re- 
cently been isolated in tissue cultures and can be identified by specific serum 
neutralization of their cytopathogenic effects in Hela cell cultures. One of 
these agents, RI-67 (Hilleman and associates, Proc. Soe. Exper. Biol. & Med. 
85: 183, 1954), has been causally related to a grippelike illness of military 
recruits termed ARD, and neutralization tests suggest that it was responsible 
for both epidemic and endemic illnesses so classified during World War II. 
Three agents, AD Types 1, 2, and 3 (Rowe and co-workers, Proe. Soe. Exper. 
Biol. & Med. 84: 570, 1953), were isolated from normal adenoid tissue, but 
their relation to disease is obscure. 

Of the 155 sera obtained in the spring of 1954 from a civilian population, 
29 (18.7 per cent) contained neutralizing antibodies for RI-67. None of the 
73 children tested had antibodies; 17 per cent of the mothers and 53.7 per 
cent of the fathers had antibodies. Their presence was not correlated with 
previous military service. 

An agent, termed JL virus, inmunologically similar to AD Type 3, was 
isolated from a patient with a grippelike illness. Neutralizing antibodies in 
his serum increased 64-fold against his own and the Type 3 agent and four- 
fold against AD Type 1. Paired sera from 58 adults with respiratory illnesses 
observed between 1947 and 1954 were tested against the RI-67 and JL agents. 
Neutralizing antibodies were present in the acute sera in 34 per cent for RI-67 
and in 36 per cent for JL. Twenty of these same sera were tested against AD 
Types 1 and 2; 40 per cent contained antibody for Type 1, 40 per cent for 

: Type 2. Eleven individuals developed increases in titer. One patient with 
nonstreptococeal exudative pharyngitis developed a 16-fold rise to JL and 
fourfold rises to RI-67 and AD2. Two of the three rises against RI-67 occurred 
in persons working with this agent. Six rises were detected with the recently 

isolated JL agent, three with AD2, and one with AD1. 
Thus, RI-67 has produced few infections in Cleveland in recent years. 

The JL agent appears to be associated with syndromes classified as ARD and 

nonstreptococeal pharyngitis. 






























84. AMINOACIDURIA FOLLOWING TOTAL BODY IRRADIATION 
IN THE HUMAN BEING 


EvaAIne J. Katz, M.A., AND Ropert J. Hastreruik, M.D., LEMont, ILL. 










(INTRODUCED By AusTIN M. Bruss, M.D.) 


Following the accidental exposure of four laboratory workers to total body 
irradiation with gamma rays and neutrons at levels between 25 and 180 rep 
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(roentgens equivalent physical), total daily urinary amino acid excretion 
increased to ten times normal. The quantities of individual amino acids ex- 
creted varied from two to twenty times normal amounts. 


In all cases, abnormal excretion in both number and quantity of amino 
acids occurred as early as twelve hours following the initial exposure, and per- 
sisted as long as two weeks. Glycine was excreted to the greatest extent, but 
also of note was the marked increase over normal excretion of cystine, taurine, 
glutamic acid, aspartic acid, and hydroxyproline. In agreement with findings 
in previous radiation accidents, a peak in excretion was reached in all patients 
on the sixth day after exposure. 

Complete hematological studies on these patients indicate that the rate 
and magnitude of the drop in absolute lymphocyte count and total white count 
is roughly proportional to the radiation exposure level and is useful as an 
indicator of the magnitude of the radiation exposure, but aminoaciduria may 
be a significantly more sensitive early indicator of radiation overexposure. 

It is believed that aminoaciduria after irradiation may be related to the 
following: (1) decreased oxidation and utilization of amino acids by the 
liver and other tissues; (2) partial inhibition of amino acid oxidation in the 
kidney; (3) adrenal response to a stress situation; (4) inereased protein 
(tissue) breakdown. In view of the response to an exposure of 25 rep, it is 
helieved that increased protein breakdown is not the major factor in producing 
the aminoaciduria found in these patients. 


85. TREATMENT OF SPONTANEOUS (ESSENTIAL?) HYPERTENSION 
IN DOGS WITH RENIN AND ANTIRENIN 


J. I. Karz, B.S., M.D. (By Invitation), J. Skom, M.S., M.D. (By Invitation), 
AND G. E. WAKERLIN, PH.D., M.D., Cuicaao, ILL. 


In all respects thus far studied, so-called spontaneous hypertension in dogs 
resembles early essential hypertension in man, and knowledge of the pathogen- 
esis of the former may help elucidation of the latter. In view of the anti- 
hypertensive effect of antirenin produced by a course of intramuscular injec- 
tions of crude or semipurified hog renin and the antihypertensive effect of 
passively transferred antirenin to hog renin, in dogs with experimental renal 
hypertension, we studied the effects of courses of crude and semipurified hog 
renins and of the passive transfer of antirenin in spontaneous hypertensive 
dogs. Three spontaneous hypertensive dogs were treated with crude hog 
renin and six with semipurified hog renin from cortex in doses of 2.5 to 20 
D. U. (dog units) per kilogram daily and intramuscularly for four to nineteen 
months. These dogs showed highly significant antihypertensive effects which 
were well correlated with the plasma antirenin titer. Similarly prepared con- 
trol tissue extracts were without antihypertensive effects in four spontaneous 
hypertensive dogs. Five spontaneous hypertensive dogs were passively im- 
munized on two separate occasions with high titer homologous antisera con- 
taining antirenin to semipurified hog renin. Significant antihypertensive 
effects were obtained. Control experiments with low titer antisera were in- 
effective. The passively produced antirenin titers not only correlated well 
with the antihypertensive effect but the effective titers were similar to those 
produced by injections of semipurified hog renin into spontaneous hypertensive 
dogs. Control normotensive dogs, including two with high normotensions, 
show no depressor effect from a course of crude or semipurified hog renin with 
antirenin production or from passive immunization with antirenin. 
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These results suggest a renal factor operating through renin or a closely 
related renal protein in the pathogenesis of spontaneous hypertension in the 
dog and offer encouragement to those who are presently attempting to alter 
the antigenicity of hog renin so that antirenin to hog renin will neutralize 
human renin. If this attempt is successful, study of such modified hog renin 
in essential hypertension may determine what percentage, if any, of these 
patients have their hypertension on a renal, renin basis. 






A COMPARISON OF THE METABOLIC EFFECTS OF A SINGLE 
INTRAVENOUS INFUSION OF HYDROCORTISONE 
WITH ITS PLASMA LEVELS 


LuTHER W. KELLY, JR., M.D., RicHarp P. Levy, M.D., KATHERINE L. SypNor, 
M.D., AND WiLuLIAM McK. JErreries, M.D., CLEVELAND, OHIO 


86. 







(INTRODUCED By Max MILuer, M.D.) 


Since recent studies have indicated a rapid turnover of hydrocortisone in 
human beings, a study was undertaken to correlate the onset and duration 
of the metabolic effects of a single injection of this steroid with its disappear- 
ance from the blood stream. One hundred milligrams was infused intravenously 
within 30 minutes into a normal adult male and into one subject with Addi- 
son’s disease, the latter being studied while on maintenance hydrocortisone 
therapy and again 48 hours after therapy withdrawal. Blood levels of free 
hydrocortisone were determined by the method of Sweat, and free and con- 
jugated 17-hydroxycorticosteroids in the urine by the method of Sandberg 
and associates. 

In all experiments maximum blood steroid levels were reached at the com- 
pletion of the infusion, with a rapid fall to normal levels by the eighth hour. 
In the Addisonian, as would be expected, further falls to subnormal levels 
occurred, reaching the lowest values by the twenty-fourth hour in each in- 
stance. Urinary steroid excretion was similar in all experiments, totaling 
approximately 30 per cent of the dose, the majority being excreted within 
8 hours in a conjugated form. 

Outstanding metabolic effects included: (1) a depression of circulating 
eosinophils for at least 8 hours; (2) increased potassium excretion which was 
complete by the fourth hour; (8) sodium retention, which was not evident 
until after the fourth hour but lasted through the first 24 hours; (4) relative 
loss of nitrogen, water, and creatinine in the first 4 hours. Electrolyte changes 
eould not be explained by changes in water excretion or creatinine clearance. 
In general, the most striking changes occurred in the Addisonian when off 
therapy, but differences were quantitative rather than/qualitative. It is evi- 
dent that. some of the metabolic effects of hydrocortisone are complete before 
the blood steroid levels return to normal, whereas others persist beyond this 
time. 


87. THE PERSISTENCE OF INSULIN SENSITIVITY IN ACUTE 
ADRENAL HYPERACTIVITY IN MAN 


MarGARET KeEssLER, M.D. (By INviTaTION), AND Harvey C. KNow Les, JR., M.D., 
CINCINNATI, OHIO 


Previous experiments by Fraser and associates, Conn, and Ingle have sug- 
gested that the hyperglycemia occurring in adrenal cortical hyperactivity may 
in part be due to insulin insensitivity. However, Zimmerman, employing sub- 
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jects with chronic illness, presented evidence that prolonged ACTH admin- 
istration resulted in no significant decrease in insulin sensitivity. Further- 
more, Engel could elicit no insensitivity in acute experiments using cortisone. 
Because of the inconsistency in the above observations, experiments were ¢ar- 
ried out to observe further the effects of acute adrenal hyperactivity on in- 
sulin action in normal man. 

Fasting insulin tolerance tests were made on 8 normal subjects aged 23 
to 37 years. Each subject was studied in the normal state, and at a later date 
following intravenous administration of ACTH. In the latter experiments 20 
mg. of ACTH were infused over an 8-hour period, followed by 5 mg. over the 
ensuing 3 hours while the tests were performed. Insulin free of hyper- 
glycemic factor was injected-intravenously (0.1 unit per kilogram) and blood 
samples were collected at 0, 30, 60, 90, 120, and 180 minutes for determinations 
of sugar, serum phosphorus, and potassium. Curves were plotted to express 
actual mean deviations from the initial sample. 

In the control experiments, 30 minutes after insulin the mean fall of blood 
sugar was 54 mg., phosphorus 1.36 mg., and potassium 0.62 meq. In the ACTH 
experiments, after insulin the mean fall of blood sugar was 47 mg., phos- 
phorus 0.64 mg., and potassium 0.62 meq. The blood sugar response to insulin 
was not significantly different in the two experiments. The decreased fall of 
phosphorus in the ACTH group may be related to the initial lowering of serum 
phosphorus due to ACTH itself. Although the concentration of potassium fell 
the same in both groups, it rose more rapidly in the ACTH group. 

It is coneluded that acute adrenal cortical hyperactivity results in no 
significant change in insulin sensitivity. This observation may give further 
support to the hypothesis that metabolic alterations in acute stress are not 
necessarily a consequence of adrenal cortical hyperactivity. 


88. KIDNEY CIRCULATION IN COARCTATION OF THE AORTA 


WALTER M. KiRKENDALL, M.D. (By Invitation), JAMES W. CULBERTSON, M.D., 
AND JOHN W. EcxstTEIN, M.D. (By Invitation), Iowa City, Iowa 


There has been considerable unresolved controversy concerning kidney 
hemodynamies in coarctation of the aorta. Some investigators postulate that 
renal ischemia results from the lower mean pressure in the abdominal aorta 
and that Goldblatt type systemic arterial hypertension follows. Others claim 
that hypertensive and renal hemodynamic changes result simply from mechanical 
constriction of the aorta. 

We have studied 14 coaretation patients by standard renal plasma clear- 
anee techniques. Group I (8 patients) showed low normal renal plasma flow 
(RPF), normal glomerular filtration rate (GFR), normal or only slightly in- 
creased filtration fraction (FF), no significant increase in afferent arteriolar 
resistance (Ra) or venular resistance (Ry), and only a very questionable in- 
crease in net efferent arteriolar resistance (R’,) or total renal vaseular re- 
sistance (R). Group II (2 patients without heart failure) showed moderate 
decrease in RPF; great increase in FF; and selective increase in Ra, R’p, and 
Ry. Group III (4 patients in congestive heart failure) had moderate decrease 
in RPF; significant increase in FF’; and generalized increase in all components 
of R, with Ry and R’, exerting a relatively greater proportion of the total 
effect. 

General hemodynamic observations made on 10 of these 14 patients—in- 
cluding measurements of cardiac output (MVCO), hepatic blood flow, and 
splanchnie and general systemic arterial resistance—are consistent with this 
classification. Group I, comprising the majority of our patients, showed in- 
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creased MVCO, low or normal systemic resistance, decreased splanchnic re- 
sistance, and a renal hemodynamic pattern unlike that of essential arterial 
hypertension or unilateral kidney disease. Group II (the smallest) showed 
normal MVCO, increased systemic resistance, and a renal hemodynamic pat- 
tern similar to that of essential hypertension. Group III presented general and 
regional hemodynamic pictures characteristic of congestive heart failure. 

Knowledge of general hemodynamics is important for rational interpreta- 
tion of renal circulatory abnormalities. Recognition of these three cirulatory 
states and their significance may do much to dispel the confusion surrounding 
kidney hemodynamics in coarctation of the aorta. In the majority of our pa- 
tients the data do not support the hypothesis that humoral substances from 
ischemic kidneys are responsible for the systemic arterial hypertension ac- 
companying these conditions. 


89. FURTHER OBSERVATIONS ON THE GASTRIC CYTOLOGY OF 
PERNICIOUS ANEMIA 


MELVIN I. KuAyMAN, M.D., AND Barbara W. Massey, A.B., Curcaao, ILL. 
(INTRODUCED BY JOSEPH B. KirsNner, M.D.) 


Specific morphologic changes in squamous cells from the esophagus and 
columnar cells from the stomach in patients with untreated pernicious anemia, 
as reported by Graham and Rheault, include increase in c¢ell size, multinuclea- 
tion and altered chromatin distribution; the changes are reversible with ap- 
propriate treatment. Gastric columnar cells with greatly enlarged nuclei and 
folded nuclear membranes were seen by Massey and Rubin in patients with 
pernicious anemia in remission and were present as long as twenty years after 
adequate treatment. 

In the present study, fifty-two patients with achlorhydria were examined 
for the presence of these cytologic changes. Thirteen of the group were proved 
cases of pernicious anemia in relapse; in ten instances both the squamous and 
columnar cell changes were apparent. Two cases showed aberrations only in 
the columnar cells; in one the changes involved only the squamous eells. In 
all instances, the altered squamous cells disappeared with treatment but the 
‘*P.A.’’ columnar eells persisted. 

Thirty-nine patients had no evidence of pernicious anemia. Gastric col- 
umnar cells characteristic of pernicious anemia were seen in ten of these pa- 
tients ; the squamous cells, however, were normal. 

‘*P.A.’’ squamous cells were seen twice in patients without pernicious 
anemia, both times occurring in cases of carcinoma of the esophagus. 

Specific changes in both squamous and columnar cells appear to be char- 
acteristic of pernicious anemia in relapse. The finding of ‘‘P.A.’’ columnar 
cells alone is more difficult to interpret. Their occurrence only in patients 
with gastric achlorhydria (with. or without pernicious anemia) suggests an 
abnormality in the gastric mucosa which merits further study. 


90. THE EFFECT OF SODIUM AMYTAL ON CIRCULATORY 
DYNAMICS IN PATIENTS WITH HYPERTENSION 
Ross C. Kory, M.D., aNp Ropert E. Mase, M.D., Woop, Wis. 
(INTRODUCED BY MAuRICE HaArpGROvVE, M.D.) 


The hypotensive effect of Sodium Amytal in patients with hypertension has 
been related clinically to the lability of the blood pressure in the ‘‘Sodium 
Amytal test.’’ This test is predicated on the concept that the hypotensive 
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effect reflects arteriolar dilatation, although little supporting experimental 
data exist. A recent ballistocardiographie study suggested that Sodium 
Amytal lowers blood pressure primarily by decreasing cardiae output and that 
the total peripheral resistance may actually increase. 


In the present investigation 14 male patients with well-established hyper- 
tension were studied by cardiac catheterization. Brachial and pulmonary 
artery pressures were recorded continuously and direct Fick cardiae output 
determinations were done in the resting postabsorption state and again 20 
and 40 minutes after induction of light sleep with intravenous Sodium Amytal. 

Both systolic and diastolic pressures decreased in all patients. The aver- 
age fall in mean arterial pressure was 30.5 mm. Hg at 20 minutes and 34.5 mm. 
Hg 20 minutes after the Sodium Amytal. The cardiae output responded in- 
consistently, a slight decrease occurring in six patients, an increase in four, 
and no change in the remaining four patients. 

The total peripheral resistance fell in 11 of the 14 patients and showed a 
definite increase in only one. In two patients peripheral resistance increased at 
20 minutes but decreased at 40 minutes. The average over-all decrease in total 
peripheral resistance was 9.6 per cent at 20 minutes and 17 per cent at 40 min- 
utes. 

The arterial oxygen saturation showed a consistent fall of approximately 
5 per cent by 20 minutes with no further change in the level at 40 minutes. 
Both minute ventilation and oxygen consumption decreased after Sodium 
Amytal in most instances. 

It is concluded that in patients with hypertension intravenous Sodium 
Amytal, in doses sufficient to induce a light sleep, exhibits the following hemo- 
dynamic effects: decreases in arterial blood pressure, total peripheral re- 


sistance, minute ventilation, oxygen consumption, and arterial oxygen satura- 
tion, with variable changes in cardiac output. 


91. MULTIPLE MYELOMA—CORRELATION BETWEEN THE MARROW 
AND THE CLINICAL AND ELECTROPHORETIC FINDINGS 


C. K. Kusota, M.D. (By INvitaTIon), STEVEN O. ScHwartz, M.D., AND 
FRANK C. Putnam, PH.D. (By Invitation), Cuicago, ILL. 


In the study of 78 cases of multiple myeloma, correlation was attempted 
between the marrow and the clinical and electrophoretic findings. The plasma 
cells of the marrow were classified into five groups, depending on the apparent 
age of the cells, and clinical and electrophoretic correlations were sought within 
each group. 

The number of cases does not allow a statistically valid breakdown of the 
frequeney with which each group is found, but in the present series the my- 
elomas made up of fairly mature and mature cells predominated. 

Findings.—(a) Because of the extreme variability in the clinical man- 
ifestations of multiple myeloma, pin pointing the onset of the disease is impos- 
sible. For this reason longevity figures are unreliable. Nonetheless, the pa- 
tients who had more mature cells seemed to survive longer. (b) Patients who 
had a predominance of immature cells had the more profound anemias. (c) 
In patients whose myeloma was characterized by mature cells the anemia be- 
came progressively more severe. (d) No correlation was demonstrable between 
the extensiveness of marrow involvement and the cell types. (e) Forty cases 
showed evidence of renal involvement; seven of these had Bence Jones pro- 
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teinuria. No relationship to cell type was noted in this group or in others hav- 
ing Bence Jones proteinuria. (f) Of 40 cases studied by electrophoresis the 
preponderant protein was of the gamma type in 13, of the beta type in five, and 
of the ‘‘myeloma’’ type in four. In eight cases there was a diffuse increment 
in protein, in eight it was normal, and in one each the alpha 1 and alpha 2 pro- 
teins were increased. No correlation was seen between the cell type and the 
nature of the protein. (g) Hyperglobulinemia, whether made up of macro- 
globulins or euglobulins, did not characterize any cell type; nor did hyper- 
globulinemia correlate with true Bence Jones proteinuria. (h) Normal electro- 
phoretic patterns with or without Bence Jones proteinuria could be found 
with any of the cell types. (i) No evidence was elicited that the electro- 
phoretic pattern served any prognostic purpose or cast light on the duration 
or dissemination of the disease. 


92. DRUG THERAPY OF AUTONOMIC HYPERREFLEXIA IN 
PATIENTS WITH SPINAL CORD LESIONS 


N. B. Kurnicx, M.D., Los ANGELEs, Cauir. 


Patients with injuries to the cervical and upper thoracie spinal cord fre- 
quently demonstrate autonomic hyperrefiexia. This is analogous to the skeletal 
motor hyperrefiexia observed after cord section. The stimuli for the autonomic 
hyperreflexia may be cutaneous or visceral in origin. Stimuli administered to 
the rectum, urethra, and bladder are particularly effective. The manifesta- 
tions are marked diaphoresis and severe, paroxysmal hypertension with as- 
sociated symptoms of headache and flushing. Fatal cerebral hemorrhage has 
been observed. If the stimulus arises in the bladder, spasm of that organ is 
common. The effects of the ganglionic blocking agent, hexamethonium, and 
the adrenolytic agent, regitine, were investigated in 13 patients with cervical 
cord injuries. 

The effects of the drugs were followed by the responses to cold pressor 
tests, physiologic filling of th. "ladder by urinary flow, rapid filling of the blad- 
der through a eatheter, an «ry the symptoms noted by the patient during 
routine care before and after medication. For acute tests, intravenous medi- 
cation was administered, while prolonged therapy was per oram. 

Regitine was uncertain in its action, occasionally reducing the response to 
stimuli; but more commonly, it was without apparent efiect. Hexamethonium 
was uniformly useful in obliterating diaphoresis, reducing the hypertension 
which occurred on immersion of the lower extremity in ice water, and reducing 
bladder spasm. The effect on hypertension due to bladder filling and rectal 
stimulation varied from slight to complete suppression of the hypertension. 
Cystometrie curves with simultaneous blood pressure observations which dem- 
onstrate the reduction in motor activity in the bladder musculature and sup- 
pression of hypertension, following intravenous hexamethonium, but not after 
regitine, will be shown. The usual side effects produced by the drugs were 
observed. Of these only postural hypotension, commonly present spontaneously 
in these subjects, was troublesome. 

It may be noted that the hypertension of autonomic hyperreflexia is as- 
sociated with bradycardia. The pathways involved in the hypertension, in- 
cluding the interrupted vasomotor depressor pathways, and the intact aortic 
and earotid sinus to cardiac depressor pathway will be illustrated. The effects 
of drug therapy and sacral neurotomy or cord destruction by aleohol will be 
compared. 
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93. CORRELATION OF SERUM MUCOPROTEIN AND GAMMA 
GLOBULIN IN VARIOUS DISEASE STATES 


DANIEL S. KusHNER, M.D. (By Invitation), Hartme Dynrewicz, Pu.D. (By 
INVITATION), ALVIN DuBIN, M.S. (By INVITATION), AND 
Hans Popper, M.D., Cuicaao, ILL. 


Under the tentative assumption that serum mucoprotein elevation reflects 
connective tissue alteration, and that serum gamma globulin elevation reflects 
reticuloendothelial reaction, and that both depend on the status of the hepatic 
parenchyma, an attempt was made to determine in 374 patients the diagnostic 
value of correlation of serum mucoprotein and gamma globulin levels, both 
determined by simple turbidimetric methods of de la Huerga. 

The combination of low mucoprotein and low gamma globulin occurred 
only in myeloma. Low mucoprotein with high gamma globulin occurred in 
chronic hepatic disease, myeloma, and thyrotoxicosis. Subacute and chronic 
hepatic parenchymal disease was invariably associated with elevation of gamma 
globulin; however, half showed low and half normal or high mucoprotein. 
Elevated mucoprotein was encountered in fatty liver, florid cirrhosis, and 
Laenneec’s cirrhosis with infection. In contrast, hepatic metastases and extra- 
hepatic biliary obstruction frequently showed normal gamma globulin with 
high mucoprotein levels. 

ramma globulin was elevated in most rheumatic diseases; simultaneous 
mucoprotein values were frequently normal in lupus, scleroderma, and con- 
valescent rheumatic fever. Active rheumatic fever and rheumatoid arthritis 
were invariably associated with high mucoprotein, which in the defervescent 
period was more prompt to return to normal than the gamma globulin. 

Gamma globulin and mucoprotein were frequently both elevated in 
tuberculosis and acute infectious disease. In contrast, one-third of neoplastic 
disease showed normal gamma globulin in the presence of high mucoprotein. 
Conversely, in a variety of cardiovascular and miscellaneous diseases, muco- 
protein was normal in the presence of normal or high gamma globulin. The 
combination of normal mucoprotein and normal gamma globulin occurred 
rarely in systemic or chronic disease and in only 10 per cent of all patients 
examined. 

The combination of serum mucoprotein and gamma globulin determina- 
tions appears, on the basis of the material studied thus far, to be of limited 
diagnostic utility with regard to a specific disease but of value in (a) exelud- 
ing malignant disease, (b) differential diagnosis of jaundice, and (¢) follow- 
ing activity of chronic infectious, rheumatic, and hepatic disease. The muco- 
protein seems more specific and less sensitive, the gamma globulin less specific 
and more sensitive. 


94. SERUM MUCOPROTEIN AND PAPER ELECTROPHORETIC 
PATTERNS IN MYELOMA 


DANIEL S. KusHner, M.D. (By Invitation), ELAINE HERzoe, M.S. (By 
INVITATION), ALVIN DuBIN, M.S. (By INviITATION), AND 
Hans Popper, M.D., Cuicaco, ILL. 


Extremes of serum mucoprotein levels are encountered in patients with 
multiple myeloma, ranging from markedly depressed to extremely elevated 
values. An attempt was made to correlate these abnormalities with changes in 
the serum proteins determined by paper electrophoresis and the level of gamma 
elobulin determined turbidimetrieally. 
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In 20 patients with proved myeloma, serum mucoprotein level was low in 
one-third, normal in one-third, and high in one-third. Six elevated mucopro- 
tein levels were associated with elevation of chemical gamma globulin, two 
with low gamma globulin. However, five instances of normal or low muco- 
protein levels occurred with high chemical gamma globulin. 

There was also no correlation between mucoprotein abnormality and dom- 
inant electrophoretic abnormality. The latter consisted of an abnormal pro- 
tein with mobility between that of beta and gamma globulin, corresponding to 
the ‘‘M’’ fraction, in two-thirds (12) of the cases. Six others showed an ab- 
normal protein with the velocity of gamma globulin, and one that of beta 
globulin. All six low mucoprotein levels occurred in the presence of the ‘‘M”’ 
protein electrophoretically. The high mucoprotein levels were not in any 
instance reflected in an abnormal protein migrating with the mobility of alpha 
globulin. Minor electrophoretic abnormalities in eight instances consisted of 
an inerease in alpha, or alpha, fractions; in one the mucoprotein level was low, 
in three normal, and in four the values were high. 

Elevation of turbidimetriec gamma globulin occurred in 7 of 11 instances 
in the presence of ‘‘M’’ fraction electrophoretically. 

Therefore no correlation was found among mucoprotein, turbidimetric 
gamma globulin, and abnormal electrophoretic proteins. With paper electro- 
phoresis the ‘‘M”’’ fraction is apparently demonstrated more frequently than 
with free electrophoresis, and may be reflected in the turbidimetric gamma 
globulin. 


95. MYOCARDIAL BLOOD FLOW AND METABOLISM IN NORMAL 
AND HYPERTHYROID SUBJECTS 


LEonARD LEIGHT, M.D. (By INVITATION), VALENTINO DEF Azio, M.D. (By 
INVITATION ), FREDERICK N, TALMERS, M.D. (By Invitation), Trmotuy J. 
REGAN, M.D. (By INvitaTIon), AND HARPER K. HELLEMs, M.D., 
Detroit, MIcH. 


Utilizing the technique of coronary sinus catheterization, the myocardial 
metabolism of oxygen, glucose, lactate, and pyruvate has been studied in 14 
patients with hyperthyroidism and 17 normal subjects to determine if altera- 
tions in myocardial metabolism might be responsible for the cardiae abnormal- 
ities frequently seen in patients with excess thyroxin production. 


In both the hyperthyroid and the normal subjects there was marked vari- 
ation in the myocardial extraction, varying from none to significant quantities 
of glucose, lactate and pyruvate. There was no statistical difference in utiliza- 
tion of these substances between the two groups, and there was no relation 
between the arterial blood concentration of the individual substrates and their 
extraction by the myocardium. Myocardial-oxygen extraction was similar in 
the two groups, being 10.8 + 2.9 volumes per cent in the normals and 9.5 + 0.75 
per cent in the hyperthyroid patients. 


Using the nitrous oxide method, coronary flow was determined in eight of 
the normal and five of the hyperthyroid subjects. The coronary flow averaged 
94 ml./100 Gm./min. (range 62 to 117 ml./100 Gm./min.) in the normals, and 
141 ml./100 Gm./min. (range 106 to 140 ml./100 Gm./min.) in the hyperthy- 
roid patients, representing, respectively, an average of 1.70 per cent and 1.52 
per cent of the simultaneously observed cardiac output. The myocardial con- 
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sumption of oxygen in the normal patients was 9.7 ml./100 Gm./min. (range 
6.6 to 13.0 ml./100 Gm./min.), while in the hyperthyroid patients it was in- 
creased to 12.1 ml./100 Gm./min. (range 10.0 to 13.5 ml./100 Gm./min.), ae- 
counting, respectively, for 4.60 and 4.41 per cent of the simultaneously ob- 
served total body oxygen consumption. In neither group was there a rela- 
tionship between coronary flow or myocardial oxygen consumption and the 
eardiae output or left ventricular work. 

It is concluded that (1) excess thyroxin induces an increase in myocardial 
oxygen utilization which is supplied by a simultaneous increase in coronary 
flow; and (2) the heart in hyperthyroidism appears able to metabolize glucose, 
lactate and pyruvate in a normal manner. 


96. REGURGITATION TYPE JAUNDICE ASSOCIATED WITH 
CHLORPROMAZINE (‘‘THORAZINE,’’ SKF 2601-A) 
ADMINISTRATION 


RosarrE E. LEMIRE AND Ropert A. MITCHELL, OMAHA, NEB. 
(INTRODUCED By F’. LowELL DunN, M.D.) 


Brief mention has been made in the literature of a mild transitory jaundice 
appearing during Chlorpromazine therapy. In addition there are five cases, 
details of which have not been published, of a prolonged regurgitation type of 
jaundice. 

We have observed three cases of persistent jaundice in elderly patients 
receiving Chlorpromazine. None had a history of biliary tract obstruction. 
The onset of the icterus was from 15 to 32 days after therapy was instituted, 
with a dosage range from 50 to 200 mg. daily. The duration of clinical jaun- 
dice was 66, 44, and 40 days, respectively, after withdrawal. All had severe 
pruritus. Chills, fever, pain, anorexia, nausea, vomiting, or malaise was not 
present. No hematological changes were noted except for a transient eosino- 
philia up to 7 and 17 per cent in two patients, respectively. 

Liver function tests in these patients revealed a hyperbilirubinemia to 
35.4 mg. per cent with biliuria, an increased alkaline phosphatase varying from 
17.2 to 35.8 Bodansky units, and a normal cephalin flocculation. The choles- 
terol determination was normal in two, and elevated in the third to 584 mg. 
per cent, the cholesterol esters being 48 per cent. The thymol turbidity per- 
formed in two was normal. 

All three patients underwent laparotomy. Two had no evidence of extra- 
hepatic obstruction. The third, also with painless jaundice, had slight dis- 
tention of the common bile duct with a partial stricture of the distal duct but 
free bile was present within the duodenum. In the gall bladder a single eal- 
culus 2 em. in diameter was found. Liver biopsies taken from the latter pa- 
tient and from one of the others showed similar changes consisting of plugging 
of the bile canaliculi with bile. The surrounding parenchymal cells showed 
brownish pigment deposition, otherwise they were normal. There were areas 
of spotty infiltration of inflammatory cells within the lobule. Examination of 

the portal areas revealed no evidence of obstruction or distention of the larger 
biliary channels. Photomicrographs will be shown. 

These three patients are considered to represent hepatic toxicity to Chlor- 
promazine in two and a probable toxic reaction in the third. The mechanism 
of this complication is not known at this time. 
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97. EFFECT OF SOME CARBOHYDRASES ON HEMAGGLUTINATION-- 
THEIR POSSIBLE ROLE IN SOME IMMUNOHEMATOLOGIC 
DISORDERS 


Evirz P. Leroy, M.D. (By Invitation), WILMA Spurrier, M.T. (A.S.C.P.) 
(By Invitation), Cuicaco, IL. 


(INTRODUCED BY STEVEN O. ScHwartz, M.D.) 


In some eases of acquired hemolytic anemia the patient’s erythrocytes are 
agglutinated by autoantibodies in higher titer than other erythrocytes. After 
splenectomy there is a gradual disappearance of antibodies from the serum of 
some patients. Since the spleen is a rich source of B-glucuronidase, this en- 
zyme may affect agglutination of erythrocytes by antibodies. 

Titrations of sera containing antibodies were carried out using erythro- 
cytes previously treated for twenty minutes at 37° C. with suspensions of f- 
glucuronidase in normal inactivated AB serum. As controls, untreated erythro- 
eytes and erythrocytes modified with suspensions of hyaluronidase, lysozyme 
and proteolytic enzymes in inactivated AB serum were used. 

In serum or in bovine albumin medium, erythrocytes treated with B-glu- 
curonidase in concentration of 20 mg. per cent or with hyaluronidase in con- 
centration of 500 mg. per cent were agglutinated by specifie antibodies in 
higher titer than untreated erythrocytes or erythrocytes treated with serum 
suspensions of the other enzymes. The titers of autoantibodies at 37° C. were 
also higher when tested with erythrocytes treated with serum suspensions of 
B-glucuronidase or hyaluronidase. Erythrocytes treated with these two en- 
zymes gave a positive Coombs’ test after two hours’ incubation at 37° C. with 
sera containing high titer of cold agglutinins only. Hemagglutination was 
strongly inhibited by cortisone acetate in concentration of 20 mg. per cent, 
elucuronolactone and p-glucoascorbie acid in a concentration of 1 per cent; these 
compounds are also known inhibitors of B-glucuronidase. 

Since £-glucuronidase and hyaluronidase are elaborated by many bacteria, 
and since some cancerous growths have high B-glucuronidase activity, these en- 
zymes may affect the agglutinability of erythrocytes by antibodies in vivo. 

In some infections and in some neoplastic diseases the titer of cold ag- 
glutinins is frequently increased; these autoantibodies which usually are more 
active at low temperature, may become active at 37° C. against erythrocytes 
previously exposed to elevated concentrations of B-glucuronidase or hyaluron- 
idase in the tissues or organs affected. 

The inhibition of hemagglutination by glucuronolactone and _ p-glucoas- 
eorbie acid could have therapeutic applications in immunohematology. 


98. HEMOLYTIC PROPERTY OF SOME CARBOHYDRASES 
THEIR PossIBLE ROLE IN THE PATHOGENESIS OF SOME HEMOLYTIC ANEMIAS 
Eig P. Leroy, M.D., AnD WitMA Spurrier, M.T. (A.S.C.P.), Cuicago, IL. 
(INTRODUCED BY STEVEN O. ScHwartz, M.D.) 


Erythrocyte destruction depends on the balance between lysins which are 
normally present in the blood and tissues, and their inhibitors. Since red cells 
contain carbohydrates, carbohydrate-splitting enzymes may affect their life 
span. 
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The rate of hemolysis of erythrocytes suspended in concentrations of carbo- 
hydrases in inactivated AB serum was followed. Equal volume of packed red 
cells was added to enzyme suspensions at 37° C.; free hemoglobin in the super- 
natant was measured at various intervals after centrifugation. 


B-glucuronidase and B-glucosidase in concentrations of 20 and 200 mg. 
per cent, respectively, caused complete hemolysis after 24 hours; hyaluronidase 
and lysozyme in concentration of 500 mg. per cent produced 50 and 30 per 
cent hemolysis, respectively. 8-amylase in concentration of 500 mg. per cent 
was nonlytic. Erythrocytes left in some of the enzyme suspensions for only 20 
minutes and resuspended in normal AB serum were partly hemolyzed after 24 
hours. In serum containing antibodies against specific erythrocytes, B-glu- 
curonidase and hyaluronidase in concentrations which were not hemolytic in 
normal AB serum, produced significant hemolysis; sera with autoantibodies 
from selected cases of hemolytic anemia gave similar results. £-glucuronidase 
hemolysis was inhibited by cortisone, silver nitrate, glucuronolactone, and 
p-glucoaseorbie acid. All these substances are 8-glucuronidase inhibitors. 


Some of the lytic carbohydrases together with their inhibitors are found 
in normal serum and tissues. It is conceivable that any alteration in the bal- 
anee between these enzymes and their inhibitors might cause excessive erythro- 
eyte destruction. This may be the pathogenic mechanism of hemolytic anemia 
in neoplastic disease since cancerous tissues have increased glycolytic activity 
and this ean affect the erythrocytes circulating in these tissues. 

Since only antibody-sensitized erythrocytes were lysed by B-glucuronidase 
in physiologic concentrations, it is possible that this enzyme, which is abun- 
dantly present in the spleen, plays some role in immune hemolysis. The in- 
hibition of the hemolytie action of B-glucuronidase by f-glucuronidase in- 
hibitors suggest further chemotherapeutic approaches of some hemolytic 
anemias. 


99. THE RATE OF CHOLESTEROL SYNTHESIS IN PATIENTS 
WITH MYXEDEMA 


GeorGE V. LERoy, M.D., DELBERT M. BERGENSTAL, M.D., AND 
Jon J. Kapara, M.S. (By Invitation), Cuicaco, IL. 


In the course of the development of a clinical laboratory procedure using 
carbon-14-labeled acetate to estimate the rate of hepatic synthesis of choles- 
terol, two patients with myxedema were studied. The amount of labeled cho- 
lesterol produced was so small that it was barely detectable in the plasma dur- 
ing the period of observation. Further studies of patients with myxedema are 
reported in this paper. Six patients had spontaneous myxedema and tests were 
performed before and during replacement therapy. Three patients had myx- 
edema resulting from irradiation of the gland with x-rays or radioiodine. 
our patients were studied before and after myxedema was induced with radio- 
iodine. In-every ease of clinical myxedema, there was a striking reduction in 
the rate of cholesterol synthesis. The highest value obtained for the specific 
activity of plasma-free cholesterol after the intravenous dose of acetate did 
not exceed 20 per cent of the peak value observed in euthyroid subjects. In 
most instances labeled cholesterol was just barely measurable with the method 
used. The administration of thyroxin or desiccated thyroid had a prompt in- 
fluence on the capacity to form labeled cholesterol, and normal specifie ac- 
tivity-time curves were obtained well in advance of full clinical remission, 
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Since the plasma cholesterol level is elevated in myxedema, the size of 
the miscible pool of cholesterol was measured and the rate of turnover esti- 
mated in three cases. The low values for synthesis in myxedema were not the 
result of dilution alone, but appeared to reflect accurately the reduced rate of 
turnover. With the data available at this time it is not possible to say whether 
there is a parallel reduction in utilization and synthesis, or whether the low 
rate of synthesis may be dependent upon an altered homeostasis secondary to 
the defective utilization or excretion of the steroid in the athyroid subject. 


100. THE UTILIZATION OF EXOGENOUS CHOLESTEROL FOR THE 
FORMATION OF ADRENAL CORTICAL HORMONES IN MAN 


GeorGE V. LERoy, M.D., HAROLD WERBIN, PH.D. (By INvitTation), 
M. Epwarp Davis, M.D., JuRGEN E. Puiotz, M.D., (By Invitation), 
AND DELBERT M. BERGENSTAL, M.D., Cutcaco, IL. 


On theoretical grounds it has been assumed that cholesterol of dietary, 
hepatic or adrenal origin can be used by the human adrenal cortex as a pre- 
cursor for the production of cortical steroid hormones. Several groups of 
workers have reported the recovery of labeled 17-ketosteroids from the urines 
of subjects who were given labeled cholesterol or labeled acetate orally or in- 
travenously. Previous studies from our laboratory have shown that the human 
adrenal in vivo can utilize either cholesterol or acetate for the production of 
steroids, the metabolites of which appear in the urine as 17-ketosteroids. The 
present paper is a report of the recovery and identification of two important 
11-oxy-corticoids: tetrahydrocortisone-E, and 11-kete-etiocholanolone, from the 
urines of patients who were given labeled cholesterol orally or intravenously. 
It is generally accepted that these two corticoids are metabolites of steroid hor- 
mones produced solely by the adrenal cortex. In the first experiment, the 
precursor cholesterol labeled with tritium was fed for several days before urine 
was collected. In the second experiment, a mixture of tritium-labeled and 
carbon-14-labeled cholesterol was given intravenously and urine was collected 
for the following 48 hours. The urine samples were subjected to acid hy- 
drolysis and beta-glucuronidase hydrolysis, respectively. The appropriate 
fractions were chromatographed and a small amount of each metabolite was 
obtained. Pure ‘‘cold’’ samples of each steroid were then used as a carrier 
to obtain erystals for identification and for radioassay by isotope dilution 
analysis. Samples of blood were obtained during the urine collection period, 
and the specific activity of the plasma-free cholesterol was determined. In 
each case, the values for specific activity of the metabolite were lower than the 
values for the specific activity of the plasma cholesterol. These results demon- 
strate that exogenous cholesterol is a precursor for at least two adrenal corti- 
cal hormones. It appears evident from this study that there is no need to 
assume the existence of an active form of cholesterol as precursor for cortical 
hormones since ordinary cholesterol can serve that purpose. 


101. LONG-TERM EFFECT OF X-RAY IRRADIATION ON ACID 
SECRETION IN PATIENTS’ WITH PEPTIC ULCER 
ErRwIN Levin, M.D., Josep B. Kirsner, M.D., WALTER L. PALMER, M.D., AND 
CHARLES B. CLtayMAN, M.D. (By Invitation), Cuicaco, IL. 


The long-term effect of small quantities of x-ray irradiation to the body 
and fundus of the stomach upon the secretion of hydrochloric acid was studied 
in a group of approximately 1,200 patients, almost all of whom had duodenal 
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uleer. The morning basal gastric secretion and the response to the histamine 
analog, histalog (3-beta aminoethylpyrazole), were determined before therapy 
and at varying intervals totaling one to five years after irradiation. 

Immediately following therapy, the volume of gastric content and output 
of hydrochloric acid in the basal secretion decreased significantly in 80 per 
cent of patients. In addition, the pattern of basal secretion was converted 
from a continuous output of acid characteristic of duodenal ulcer, to an inter- 
mittent secretion more often observed in patients without duodenal ulcer. 
In some individuals the suppression of gastric secretion was brief, disappearing 
within three to nine months. However, in approximately 60 per cent of cases 
the inhibitory effect persisted and was demonstrable three to five years after 
therapy had been coneluded. 

Similar results were observed in the response to histalog, although acidity 
in occasional specimens of gastric content reached pretreatment levels. Per- 
sistent achlorhydria developed in approximately 7 per cent of the series after 
irradiation. 

The development of irradiation-anacidity invariably resulted in complete 
healing of peptic ulcer, with no recurrences for the duration of the achlor- 
hydria. Reduction in acid output and conversion from continuous to inter- 
mittent secretion after therapy usually decreased the incidence and severity 
of recurrences. Return of peptic ulcer was preceded by a return of acid se- 
cretion to preirradiation levels. 


102. TISSUE BINDING OF HYDROCORTISONE 


Marvin E. Levin, M.D. (By Invitation), AND Witu1Am H. DAuGHapay, M.D., 
St. Louts, Mo. 








Hydrocortisone, when administered intravenously into rats, disappears 
more rapidly than can be accounted for by simple diffusion into various com- 
partments of body water. After 15 minutes only 2 per cent of a given dose 
remains within the blood. The factors which might contribute to this rapid 
rate of disappearance have been studied. 

In vitro experiments have been carried out in which rat tissue slices have 
heen ineubated with hydrocortisone. The amount of hydrocortisone which re- 
mained in the incubation medium was compared with that which could be re- 
covered when the tissue slices were included in a vigorous extraction pro- 
cedure. Evidence was obtained that steroid (Porter-Silber reactive material) 
left the media to combine with the tissue slices. Binding could also be demon- 
strated when tissue slices were removed from the media at the end of ineuba- 
tion and were washed repeatedly with cold buffer free of steroid. 

Hydrocortisone combines rapidly with tissues. Rat liver slices incubated 
for five minutes in a medium containing 167 ng of hydrocortisone per milliliter 
hound 0.2 pg of steroid per milligram of tissue at which time little chemical 
degradation of hydrocortisone had taken place. The amount of bound steroid 
remained relatively constant for incubation periods as long as three hours. 

Hydrocortisone binding by liver slices was proportional to its concentra- 
tion in the medium. The combination of steroid with tissue occurred at 0°. 
At this temperature the ability to degrade hydrocortisone was markedly in- 
hibited. The affinity for hydrocortisone of various rat tissue slices was found 
to be: liver > diaphragm > kidney > spleen > fat. The degree of binding 
was not correlated with the ability of the tissue to degrade hydrocortisone. 

It is suggested that hydrocortisone combines with tissues by a rapid, non- 
enzymatic mechanism which precedes degradation. The affinity of tissues for 
hydrocortisone may contribute to the rapid disappearance of steroid from the 
blood and may be of general physiologic significance. 
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103. THE INFLUENCE OF SEVERE BURNS ON PROTEIN 
METABOLISM AS MEASURED BY UPTAKE AND 
EXCRETION OF L-METHIONINE LABELED 
WITH RADIOSULFUR 








WituraM C. Levin, M.D., JoHN E. PErRry (By Invitation), T. G. BLockEr, JR., 
M.D. (By Invitation), AND 8. R. Lewis, M.D. (By Invitation), 
GALVESTON, TEX. 












It is well established that severe burns produce extreme alterations of 
protein metabolism, but methods used in the investigation of this problem have 
not been precise enough to permit adequate evaluation of both anabolie and 
catabolic rates. The present report involves the use of an isotopic method. 

Four normal patients, four nutritionally depleted nonburn patients, and 
five severely burned patients are included. tL-Methionine labeled with S-35 
was administered intravenously to each patient. Rates of incorporation within 
the serum proteins, rates of loss of activity from the serum proteins, and 
urinary excretory rates were measured. 

In the normal and depleted patients, the peak of activity of the serum 
proteins varied from 6 to 17.3 per cent of the administered dose. In the se- 
verely burned group, the peak activity was 20.6 to 48.5 per cent. Urinary 
excretion of radioactivity appeared to correlate directly with the peak of 
serum protein activity. In the normal and the depleted group, urinary ex- 
cretion during the first 24 hours varied from 4.2 to 12.6 per cent. Renal ex- 
eretion in the first 24 hours was 28.5 per cent in one mild burn and 31.9 per 
cent in one severely burned patient. We have previously reported that the 
rate of decrease of activity in the serum proteins is much greater in the se- 
verely burned than in normal patients. This observation was confirmed in 
the present study. 

The rapid disappearance of activity from serum proteins in the burned pa- 
tient as well as the increase in rate of renal excretion have been interpreted 
to be manifestations of an increased rate of protein catabolism. In addition 
to this, however, the burned patients also show a much greater quantitative up- 
take of radioactivity within the serum proteins during the first 24 hours. We 
have interpreted this to be a manifestation of an increased rate of synthesis 
of serum proteins. 

This suggests that the nutritional defect in the burned patients encompasses 
an increased rate of protein anabolism as well as an increased rate of protein 
catabolism. It may further indicate that burned patients can utilize large 
amounts of ingested protein provided alimentation is not impaired. 
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